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A major milestone in America’s march toward 


GREATER PRODUCTIVE CAPACITY 
HIGHER LIVING STANDARDS 


lo | he the a fact yorker has the 
| t of hely I the utilit lust ) constant 

i le more power for more people, has had perhaps tl 

Combustion Engineering, too, has had a big part in this growtl 
> Es In the past ten years alone, C-E Boiler installations have accounted 
| fi re than 25,000,000 kw of new capacity. Earlier C-E installa 
Cc oO Mi B U Ss ij l oO N tions add many more millions of kilowatts to this figure. And 

lentally, the Tucson plant (left), which pushed the utility 

ENGINEERING cay ty over the 100,000,000-kw mark, is powered by a C-E Boiler 


Combustion Engineering Building 
700 Mad Avenue, New York 16.N Y 


ALL TYPES OF STEAM GENERATING. FUEL BURNING AND RELATED EQUIPMENT 


As the utility industry heads toward its second hundred-million 
kilowatts, Combustion Engineering congratulates it for its vital role 


n making America ever more productive and prosperous 


NUCLEAR REACTORS, PAPER MILL EQUIPMENT. PULVERIZERS. FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 


Continuing their remarkable expansion of electrical generating } 
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POWELL 


world’s largest family of valves 


Fig. 19084 Steel Pressure Seal Globe 
Non-return Valve for 900 W.S.P. Spur Gear 
operated. Can be furnished with bevel gears. 


Fig. 6003 WE—Steel 0.S. & Y. Welding Fig. 1793--Iron Body Bronze Mounted 0.S.&Y. 

End Gate Valve for high pressure service Gate Valve for 125 W.S.P. Solid wedge disc. Sizes- 
600 W.S.P. Steel valves are available for under 8” can be supplied with double wedge disc. 
pressure from 150 to 2500 W.S.P 


tea 


Fig. 3061 WE Steel Welding Fig. 375--Bronze Gate Valve for 200 


f 
End Swing Check Valve for 300 W.S.P. Union bonnet, inside screw 
W.S.P. No obstruction to flow rising stem. Renewable nickel- 
through when wide open. 


bronze solid or double wedge disc 


Fig. 125023-Large Steel Pressure Seal 

Gate Valve for 2500 W.S.P. Equipped with 
Electric Motor for operation by remote control. 
Steel Pressure Seal Valves can be furnished for 
pressures from 690 through 2500 pounds. 


FOR EVERY FLOW CONTROL PROBLEM Powell offers more kinds or types of valves, 
available in the largest variety of metals and alloys, to handle every flow control requirement. 
Your local valve distributor will be glad to tell you all about them. Or write to us for the full facts. 
THE WM. POWELL COMPANY * Dependable Valves Since 1846 + Cincinnati 22, Ohio 
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cre now more versatile than ever 


De Laval IMO pumps have proved that they do a dependable job over long 
years of service. The reason is IMO design simplicity. These constant In addition to these basic 
displacement rotary pumps have only three moving parts—smoothly pumping advantages, the 
intermeshing rotors that propel the fluid axially in a steady flow without improved IMO gives you 
churning, pocketing or pulsation. There are no timing gears, cams, valves, sliding important new benefits shown in 


vanes, or reciprocating parts to wear or become noisy. Quiet, compact the cutaway illustration below. 


IMO pumps are excellent for direct-connected, high-speed operation. 


Bulletin S001 gives data on improved De Laval DE -LAVAL IMO Pumps 


IMO pumps. Se nd for your ¢ Opy today. 


LAVAL STEAM TURBINE COMPANY 


VSG Nottinghem Way, Trenton 2, New Jersey 


| DE LAVAL / 
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' 

| 4 


GREEN BAY... Combines Butterfly Valves 


with expansion joints for new economy 


Drop-tight shutoff, plus provision for pipeline 
expansion and ease of assembly care provided here 
in one compact Pratt unit. By combining the Butterfly Valve 
with the expansion joint, space requirements are minimized 
and maintenance (and initial cost) of one set of flanges and 
bolts is eliminated. This is a typical Henry Pratt engineering 
job—the mechanisms are the simplest available .. . for 
economy and minimum maintenance, and they are carefully 
designed and built for peak efficiency and operating ease. 


Henry Pratt pioneered the use of Rubber Seat Butterfly 
Valves in power plants. Combined with permanently drop- 
tight shutoff, the inherent simplicity and compactness of this 


HENRY 


RUBBER SEAT 


Valves 


valve permitted a new concept of large-diameter valving 
by power plant engineers. 


Pratt Rubber Seat Butterfly Valves grew with the Power 
Industry for thirty years, and today are being installed in 
modern, nuclear power plants. For valve design—with 
imagination—see Henry Pratt. 


NEW! Latest, most accurate pressure 
drop and flow data, conversion tables, 
discussion of butterfly valve theory 
and application plus other technical 
information ... Write for ManualB-2D. 


Henry Pratt Company, 2222 S. Halsted St., Chicago 8, Ill. Representatives in principal cities 
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PIONEERS”A NEW POLICY 


++. mechanical fly ash collector guaranteed for 100 months 


Never before in the art of mechanical dust collection has a tube service-life 


guarantee been offered. Today, Aerotec gives such a guarantee on the 
Design 5RWS white cast iron tube, the result of more than ten years of 
research and field tests. Aerotec guarantees the tubes for one hundred 
months. Replacement tubes during the first thirty-six months will be 


4, —— furnished from the factory at no charge to the purchaser. Thereafter, 
Y C replacement will be made at a pro-rata charge based on 100 months of 
warranty. Such a guarantee could only be offered after extensive research 
and field tests. The background of this research is briefed in two 
bulletins— DATA SHEETS 1-TTC-1 and 1-TTC-2. Your copies of these 
and the complete warranty will be gladly sent on request to our Project 
Engineers. Why not write today. If you have a dust collecting 
problem, Thermix will also be glad to discuss it with you. 


Project Engineers 
Z ZB THE THERMIX CORPORATION 


GRAY AEROTEC WHITE Greenwich, Conn 
CAST RON CAST MON (Offices in 38 principal cities) 
Canadian Affiliates: T. C. CHOWN, LIMITED, Montreol 


AQ 
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Bor chart shows comparative 
of or 
loss in weight of white iron vs Manufacturers 


gray iron during identical ac 
ve THE AEROTEC CORPORATION 


Greenwich, Conn. 
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At its Oaks, Pa. plant, The B. F. Goodrich 
Co. uses steam principally for curing tires. 
When increased demand for its tires creat- 
ed the need for plant expansion in 1954, 
B. F. Goodrich found its original boiler 
plant could not supply sufficient steam. 
Completely new equipment was installed 
to increase capacity. But B. F. Goodrich 
continued to burn the economical fuel it 


had used in the past—coal. 


In this modern coal-burning steam 


system, coal handling, ash 


generation 
disposal and the entire furnace Operation 
are automatic. As a result of this moderni- 
vation, fuel costs and manpower needs 
have been held to a minimum. And, in 
four years of Operation, this installation 
maintenance 


has required only routine 


and repairs, 
Facts you should know about coal 


You'll find that bituminous coal is not 
only the lowest-cost fuel in most indus- 
trial areas but up-to-date coal burning 
equipment can give you 15% to 50% 
more steam per dollar. loday’s automatic 
labor costs and 


equipment can pare 


eliminate smoke problems. And vast coal 


reserves plus) mechanized production 


methods mean a_ constantly plentiful 


supply of coal at stable prices. 
Technical advisory service 


lo help you with industrial fuel problems, 
the Bituminous Coal offers a 
free technical advisory service. We wel- 


Institute 


come the Opt ortunity to work with vou, 
your consulting ¢ ngineecrs and architects. 
If vou are concerned with steam costs, 
write to the address below. Or send for 
our case history booklet, complete with 
data sheets. You'll find it informative, 


Consult an engineering firm 


If you are remodeling or building new 
heating or power facilities, it will pay you 
to consult a qualified engineering firm. 
Such concerns—familiar with the latest 
in fuel costs and equipment—can effect 
great savings for you in efficiency and 


fuel economy over the years. 


BITUMINOUS 
COAL INSTITUTE 


Department © -07, 


Southern Building, ¢ 
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rides with coal 


Tire manufacturer enlarges steam facili 
continues coal for economy, reliability 


Washington 5, 


ties; 


View of 100,000. 
Wickes Boiler at B. PF. 
Goodrich, fired by Detroit 
Rotograte Stokers. Coal 
is gravity fed from over- 


head bins through weigh 
ing equipment into stoker 


hoppers. Conveyor system 
is by Stock Equipment Co. 


Shown here are overhead 
feeder and = Stock 
weighing equipment. This 


coal- 


operation is all automatic. 
Coal here to 
stoker 


from 


Close-up of Stock coal 


elevator, conveyors and 


swinging spout used to 
stock out coal. Ash silo is 
part of United Conveyor 


ash handling system cap 


Coal storage area, show- 


ing level, compacted coal 
pile. Coal is stocked out 


from swinging spout by 
bulldozer, which later re- 
claims it to the track hop- 


per for conveying into 


power plant. 
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H-W PLASTIC REFRACTORIES 


make durable, efficient and economical 


BOILER 
FURNACE 
SETTINGS 


Harbison-Walker Plastic Refractories 
comprise all the kinds best adapted for 
the many different operating conditions. 
They form solid, joint-free linings includ- 
ing arches and bridge walls having physi- 
cal properties closely similar to the cor- 
responding classes of refractory brick. 


H-W STANDARD PLASTIC FIRE BRICK 1s a 
dense-burning, uniform refractory made of 
the same clean, high purity flint clay of hard 
burn and plastic bond clay as are used in 
the best high duty fireclay brick 


H-W Screen PLAstic FIRE BRICK possesses 
the properties of super-duty fireclay refrac 
tories and is used economically in applica- 
tions where temperatures exceed the limits 
for H-W STANDARD PLASTIC FIRE BRICK. 


H-W Surerk Prastic CS takes a cold-set 
after drying in the low temperature range. 
This added strength prior to the development 
of the usual strong ceramic set is especially 
desirable for certain furnace installations 


APACHE PLastTic Fire Brick is the high- 
alumina plastic refractory which withstands 
the highest temperatures to best advantage 
and is most resistant to chemical attack by 
corrosive slags. 


Write for complete information about 
these leading Harbison-Walker plastic 
fire brick. 


Boiler furnace setting made of H-W PLASTIC FIRE BRICK. This monolithic construction 
is economical to build and gives excellent service under severe working conditions. 


HARBISON-WALKER REFRACTORIES 
COMPANY ano suasioiaries 


General Offices: Pittsburgh 22, Pennsylvania 


H.W PLASTIC FIRE BRICK slat’s 


teadly for use as received. 
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City of St. Marys, Ohio, Municipal Light and Power Plant 


Beiswenger, Hoch and Associates, Consulting Engineers 


ANNOUNCING 


The Stock Equipment Company Non-Segregating Layer Loader is a new and 
positive way to insure even stoker fires. This mechanical distributor mixes sepa- 
rated fine and coarse coal, removing the bad effects of bunker segregation. ‘The 
mixing action of the layer loader also makes tempering more uniform. 
The S-E-Co. Non-Segregating Layer Loader functions similarly to a swinging 
spout, but it has two distinct advantages. It requires much less headroom, and it ts 
contained in a completely dust-tight compartment. 
Inside the dust-tight housing of the S-F-Co. Layer Loader is a small, bottomless 
larry car that is driven back and forth across the stoker hopper. Each time the 
car passes beneath the downspout, an automatic coal valve allows coal to fill 
the car. As the car continues to traverse the hopper, the coal flows out the bottom, 


effectively mixed and distributed. 


For complete information write Stock Equipment Company, 745-C Hanna Building, Cleveland 15, Ohto 


the Stock Equipment Company Non-Segregating Layer Loader 
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MAIN STEAM LINE 


TYPE 316 STAINLESS 


Linden Generating Station of Public Service Blectric and Gas Company of New Jersey, where 


the first main steam line of Type 316 has heen in service, on Unit No. 


One of K Many Power Piping Firsts 


Public Service Electric and Gas Company’s Linden Generating Station 
is the first utility plant to use Type 316 stainless steel for a main steam 
line. Installed in Unit No. 2, with throttle conditions of 2350 psi and 
1100 F, this alloy piping is 11°s in. O.D. x 1% in. minimum wall 
thickness. The M. W. Kellogg Company fabricated this and other 
critical systems for this unit. 

Kellogg's long list of “firsts” in power piping fabrication is due largely 
to its continuing studies in search for new alloys and new fabricating 
techniques which will permit industry to achieve still higher operating 
efficiencies. Kellogg is now working with Public Service of New Jersey 
on the main steam and other critical lines at Bergen and Mercer 
venerating stations, utilizing austenitic and ferritic alloys. 

Kellogg welcomes the opportunity to discuss its complete power 
piping design, fabrication, and erection facilities with consulting engi- 
neers, engineers of power generating Companies, and manufacturers 
of boilers, turbines, and auxiliary equipment. 


Fabricated Products Sales Division 
THE M.W. KELLOGG COMPANY, 711 THIRD AVENUE, NEW YORK 17, N.Y. 


\ PELELMAN I CORPORATE D 


wELLOGE 


POWER PIPING~—-THE 


, since December, 1957. 


FIRST IN FABRICATION OF: 


Piping from C. Mo. 
® Station piping for 900 F. 
® Station piping for 950 F. 
® Station piping for 2200 psi. 
© C. '’% Mo. piping with #3-#5 actual 
grain size 
© 1%4% Cr.-Ya% Mo. steam piping 
® Steam piping for 1000 F. 
Cr.-“a% Mo. station piping 
© 2% Mo. station piping 
® Station piping for 1000 F. 
© 2%4% Cr.-1% Mo. station piping 
© 1%4% Cr.-Ya% Mo. station piping 
© 1% Cr.-1% Mo. V. turbine piping 
© 2%% Cr.-1% Mo. V. station piping 
® Station piping for 1050 F. 
© 3% Cr.-1% Mo. station piping 
© Type 347 stainless turbine piping 
® Mercury vapor piping for 1000 F. 
® Station piping for 1003 F. for France 
® Type 347 stainless station piping 
® Station piping for 1100 F. 
© Type 316 stainless station piping 
* Type 316 stainless station piping for 
3500 psi-1050 F., 325 MW. 


© Type 316 stainless station piping for 
5600 psi-1200 F., 325 MW. 


VITAL LINK 
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and wheel component parts 
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If thinking “airfoil” on your next mechan 


ical-dratt installation, think of American Blower. 


kor, the advanced design of American Blowet 


Airfoil provides a smooth imterworking of 
properly designed housing, streamline inlets, 
which results in 
hiehes efliciency, lower powe! consumption, 
Phe nonoverloading horsepower characteristic 
makes it possible to select a driving motor close 
to the tan horsepower. 

Team this fan witli 


Fluid 


American Blower Gyrol, 


GIVES 


Drive and you have a unit which 


* Amenican-Standard and Standard « 


AMERICAN BLOWER DIVISION 


efliciency with low plus 


high 


quicter operation over the full operating range, 


Operating cost 


and longer life of the critical fan parts. Tn addi 
all 


low starting mertia. 


tion, a motor with standard WR Capacity is 
that is required, because of 


Why not talk to 


about 


Dlowe sales 


His knowl 


an American 


requirements, 


edge of atrhandling equipment can prove 
valuable to you. Call our nearest branch oflice, 
American Standard,* American Blower 
Michigan. In 


Windsor 


OY Write: 


Division, Detroit 32, Canada 


Canadian Sirocco products, Ontario, 


ne trademarks of American Radiator Standard Sanitary Corporation 


tere %, +4448 
and pressurized boilers). Available in double 
| efficiency over 882%. 
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C-E Boilers ex¢ 


In a brewery, the demands placed upon its boilers can be rigorous 
indeed. At the Anheuser-Busch brewery in Newark, New Jersey, 
they provide steam for power generation, for processing and for 
numerous high-capacity instantaneous water heaters used in various 
brewing and bottling operations. Since brewing is essentially a “batch” 
process, steam demands fluctuate sharply and continuously. Yet the 
C-E Boilers installed at Newark have consistently exceeded perform- 
ance guarantees and operate at an efficiency of 86%. 

Mr. Herman Paradies, Superintendent of Utilities at the Newark 
brewery, has stated that it is not unusual for steam demands to rise 
from 80,000 to 130,000 pounds per hour in ten to fifteen seconds, 
and that the boilers have responded with nominal loss in pressure or 
temperature. This enviable record, which speaks well both for boiler 
design and for the skills of the power plant’s operating management 
and staff, is one of which Combustion is proud. 

When you need boilers, remember that C-E has a complete line of 
time-tested and service-proved designs and that there is a size and 


type which will fit your needs and serve you equally well. 
C-164 


—— 
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Anheuser-Busch, Inc. 


The Newark, N.J., brewery of Anheuser-Busch, Inc. The seven year old 
power plant, left, is so spectacularly clean and neat that it has constituted 
a major attraction for professional and technical groups along the east- 
ern seaboard. The popularity of these tours is such that, currently, reserva- 
tions must be made two months in advance. 


COMBUSTION ENGINEERING 


Combustion Engineering Building 
200 Madison Avenue, New York 16, N. Y. 


ALL TYPES OF STEAM GENERATING BURNING (MD RELATED EQUIPMENT, NUCLEAR REACTOR APER MILL EQUIPME MT, PULVERIZERS, FLASH DRYING SYSTEMS PRES 
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NOTHER REPUBLIC ENGINEERING ACHIEVEMENT! 


Republic Controls Maintain Efficient Production 
Gallons 330F Water Per Day 


at Pan American Sulphur Company, Jd/tipan, Veracruz, México 


At Pan American's JAltipan plant, six 100,000 
lbs hr fuel oij fired boilers generate the steam 
required to heat the hot water needed to produce 
in excess of 1,000,000 tons annually of Frasch sul- 
phur. Each boiler, furnished with F.D. and I.D. 
fans and steam atomizing oil burners, is con- 
trolled by a Republic pneumatic combustion con- 
trol system. Feedwater to individual boilers is 
controlled by a Republic single-element system, 
consisting of drum-level transmitter, controller, 
manual-automatic station and valve. 


Republic’s performance on this job has been 
outstanding. The control system has functioned 
without difficulty, day in and day out, since in- 
stallation in 1954. This record stands, despite 
exposure to the damp, torrid climate of southern 
Mexico, where 100°, relative humidity and 130F 
temperatures are common. Personnel recruited 
from the immediate area were trained on the job, 
and have operated the plant since its completion. 


Republic’s experience with plants of all sizes, 
all pressure and temperature ratings, and all load 
characteristics is your best guarantee of getting 
all the premium performance built into your 
major equipment. technically-trained, thor- 
oughly experienced Republic Engineer is ready 
to discuss your instrument and control problems. 
Republic sales offices are located in principal 
cities throughout the United States and Canada. 


Repvustic 


FLOW METERS CoO. 


Subsidiory of ROCKWELL MANUFACTURING COMPANY 


2240 DIVERSEY PARKWAY — CHICAGO 47, ILLINOIS 
IN CANADA: REPUBLIC FLOW METERS CANADA, LTD. 


Toronto, Montreal, Vancouver 


Manufacturers of electronic and pneumatic instrument and control 


systems for utility, process and industrial applications. 


PAN AMERICAN SULPHUR CO. 
President: Mr. Harry C. Webb 
Design engineering & construction 
Brown & Root, Inc 

Instruments, combustion and feed- 
water controls: Republic Flow Meters 
Company, Chicago 


ia 
met 
= fl, i 
| 


Mr. Jaime Pavon B, Instrument Engineer, 
at one of three Republic boiler control 


Pan American Sulphur Company's 


i panels. This boiler plant is the heart of 
Jaltipan operation, the industry's third 


largest Frasch sulphur producing facility. f 
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in the last two years... 


All These 


Whether your fly ash problems require a straight precipitator, a 
combination unit, or a mechanical collector alone, you can count 
on an economical solution from Research-Cottrell. 


copacits. cficiency i 967; to 99% with no voltage 


; Double deck arrangement improves gas dis- drop due to age. al = 


tribution to precipitator and conserves valu- 
tube is erosion resistant. 4. M. I. Rappers on Roof— 


Astomation ‘System—Higher 
“around-the-clock” collection 


New Discharge Electrodes— 
2. vidually hung for easier access ftom 


effective because the discharge : 
better electrical 


3. New Dis Reppers— 6 com- 

_ Available in air, electric, vibrating or impact partments or steel housing over the entire 
type. Cycle and intensity are easily adjusted —_ roof are available. Designed for low insulator — 

i 


Silicon Rectifiers — New, i 
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Research-Cottrell 
Combination 
Electrical-Mechanical 
Collector 


RESEARCH-COTTRELL, INC. Main Office and Plant: Bound Brook, N. J.e¢ 405 Lexington Ave., New York 17, N. Y. 


e Grant Building, Pittsburgh 19, Pa. e 228 N.La Salle St., Chicago 1, Ill, e 58 Sutter Street, San Francisco 4, Calif. 
® Research-Cottrell (Canada) Ltd., 33 Bloor Street East, Toronto 5, Ontario. 
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CRANE Valves End Excessive Shutdowns for Repairs 


About every four months maintenance men 
of Sealtest, Central Division, Cincinnati, 
Ohio, had to replace worn, leaky dises and 
thread-stripped stems of valves used on the 


dairy’s pasteurizing tanks, 


The high cost of down time, labor and 
parts was only a part of this maintenance 
problem. Each time the valves had to be 
repaired, the dairy suffered a drop in pro- 
duction and faced the possible loss of 600 
gallons of milk. 


Upon recommendation, Crane No. 9 


bronze globe valves, with quick-change com- 
position disc, were installed. Today —two 
and one-half years later—these Crane 
valves, opened and closed a dozen times a 
day, have not cost the dairy one cent for 


repairs, or any loss in production or milk. 


Here again is proof that Crane valve 


economy is never measurable in terms of 


first cost. You get it in years of maintenance- 
free service. 

That’s why more prudent buyers specify 
Crane valves for every service. 


LEARN WHY Crane bronze 
valves with composition 
discs are so economical for 
service on steam, hot or 
cold water, oil or gas. Write 
to address below for Cir- 
cular AD-2222. 


RAN E VALVES & FITTINGS 


PIPE PLUMBING KITCHENS HEATING AIR CONDITIONING 


Since 1855 


18 
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_ How Cincinnati Plant Stops Valve Maintenance Problem 
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BOILER CIRCULATING STEAM-JET 
FEED DEAERATOR WATER ELECTORS CONDENSATE CONDENSERS 
VACUUM PUMPS 


LOOK AT ALL THREE FOR POWER 


THE FLUID HANDLING GROUP ina steam power plant has as many individual components as 


the other two combined. Failure of any one component can disrupt operation of the whole. 
Reliability can best be achieved through compatible integration of the wide range of equipment 
in this all-important group. As a manufacturer of all major fluid handling components, 
Worthington’s “system-wise” experience and knowledge can be of extreme value to you. For 
information, write or call your nearest Worthington district office. Worthington Corporation, 


Harrison, New Jersey. 
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What’s New from Edward Valves, Inc. 


New Products . .. Problems and Solutions. . . Information 
on Steel Valves from Edward, Long-Time Leader in the Field! 


Shoulder, thread and weld make 


Superior Joint 


Edward valve researchers were assigned three main 
. first, design a 


* 


goals in developing the Univalve 
globe valve for high pressure-temperature service- 
that would stay leak-proof .. . second, eliminate—as 
far as possible—the necessity for maintenance 
third, fabricate all pressure-containing parts of forged 
steel for maximum strength and soundness. 

How well they succeeded is illustrated by this fact: 
in many hundreds of advanced temperature-pressure 
applications all over the world, Edward Univalves 
have given consistently superior service. The reason 
for this is simple . . . Univalves, properly maintained, 
simply do not leak. 


WELD SEALS JOINT 


In the Univalve, a bead of fine-grained weld seals 
the body-bonnet joint to maintain perfect pressure 
tightness in any service. A guiding section above the 
threads protects them from the seal-weld; the threaded 
section and body shoulder carry the pressure load and 
insure accurate alignment. The rugged threaded bon- 
net —with opening just large enough to accommodate 
the stem—provides a pressure-tight backseat. The 
radiused disk nut contacts the beveled bonnet back- 
seating surface... isolates packing from line pressures 
and temperatures . . . stretches packing life. 

While the Univalve rarely needs attention, even its 
tough integral Stellite seating surface can become 
scored under some conditions. To strip for inspection 


IDEAL FOR BLOW-OFF SERVICE. Univalves meet ASME Code for 
blow-off servic. and are adaptable for all high pressure installations 


and possible re-lapping, the seal-weld is easily removed 
by machining or grinding or with carbon arc or oxy- 
acetylene scarfing tip. Besides simple disassembly and 
positive backseat advantages, Univalve’s one-piece 
gland elimninates possible small parts loss during re- 
packing 


IMPORTANT UNIVALVE FEATURES: 


Streamlined Flow Path reduces pressure drop, minimizes 
wear-producing turbulence. Univalve meets requirements 
for blow off service, 


Simple Packing Adjustment keeps packing maintenance 
down, Sturdy gland bolts, roomy yoke, one-piece forged 


gland. 


Easy Open—Tight Close Operation of all Univalves 1'," to 
216" made a reality with the exclusive Edward [mpactor* 


handle, 


Continuous Stellite Ring applied to body and disk, retains 
hardness under temperature and resists wear. 


4500 LB UNIVALVE in service at Ohio Power Company's supercritical 
Philo station 


Peg 


EDWARD VALVES, INC. 
Subsidiary of ROCKWELL MANUFACTURING COMPANY 


1206 West 145th Street, East Chicago, Indiana 


Edward builds a complete line of forged and cast steel valves 


from to 18 in globe and ang stop, 
{, hydra strument, gage and special 


gate, non-return, che oF 


blow-off, stop-check, relic 
desians; for pressure yp to 7500 Ibs; with pressure se al, bolted 


union or welded bonnets; with rewed, welding or flanged encs 


2 


22 


ST. REGIS PAPER COMPANY INSTALLS 


4 

SA Ingersoll-Rand 
Taw 
FOR JACKSONVILLE PLANT EXPANSION 


ITH the new additions recently completed, the St. Regis 
Paper Company's Jacksonville, Fla. plant is one of the 
largest and most up-to-the-minute paper mills in the world. 

Typical of the completely modern equipment installed 
throughout the plant are the three Ingersoll-Rand Class HMTA 
multi-stage boiler-feed pumps shown above. Each of these 5- 
stage units handles 1200 gallons of 312 F feedwater per minute 
at 875-psig discharge. Direct driven by electric motors, these 
pumps feature Ingersoll-Rand’s distinctive Unit-Type 
Rotor Assembly. 

Previously installed at the original Jacksonville plant were 
three other Class HMTA boiler-feed pumps, each rated 400 gpm, 
227 F, 875-psig discharge. The new plant facilities include more 
than 30 other I-R units—fan pumps, stock pumps, raw water 
pumps and a variety of other general and special-purpose pumps. 

For complete information on any. pump for boiler feed and 
other liquid-moving jobs, just call your Ingersoll-Rand engineer. 


Ing ersoll-Rand 


10-862 11 Broadway, New York 4, N.Y 


Boiler-Feed Pumps 


<< 


In Ingersoll-Rand Class HMTA 
pumps, the shaft, impellers and sta- 
tionary channel rings can be re- 
moved and replaced as a single, 
compact assembly without disturb- 
ing suction or discharge connec- 
tions. Positive interstage sealing 
and multiple-volute design contri- 
bute to higher sustained efficiency, 
greater dependability and lower 
maintenance costs. 


COMPRESSORS PUMPS CONDENSERS 


GAS & DIESEL ENGINES + VACUUM EQUIPMENT 


AIR & ELECTRIC TOOLS + ROCK DRILLS 
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BOILER WATER LEVELS 
ARE EASIER TO READ 


No matter where you stand, you can see at a glance your 
boiler water level in the Yarway Remote Liquid Level 
Indicator. The clear, ‘wide vision’ face permits easy 
readings from any point in a 180° are. 


Readings are instant and accurate because the operating 
mechanism is actuated by the boiler water itself—by the 
pressure differential between a constant head and the 
varying head of water in the boiler drum. Pointer 
mechanism is never under pressure. 


Yarway Remote Indicators are available fully compen- 
sated for every change in boiler temperature and pressure 
and they can be connected to Electronic Secondary 
Indicators or remote Hi-Lo Alarm Signals (lights or 
horns), located at any other point in the plant. Also avail- 
able, Yarway Recorders working on same simple principle. 


Over 12,000 Yarway Remote Indicators already installed. 


Write for full details on Yarway Indicators for boilers, 
; heaters and other applications. Bulletin WG-1824 tells all, 
ATOR. shows typical hook-ups. 
PRESS 
YARNALL-WARING COMPANY 
100 Mermaid Avenue, Philadelphia 18, Pa. 
BRANCH OFFICES IN PRINCIPAL CITIES 
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This Bailey boiler control system assures maximum fuel economy in the 
operation of two 50,000 |b per hour capacity pulverized coal-fired 
boilers at Toms River 


How Bailey helps control 
STEAM COSTS AT TOMS RIVER 


With a Bailey -engineered control system vou can 
count ona hich output of available energy per unit 
of fuel whether vou operate a small industrial boiler 


Cincinnati Chemical 
Bailes 


Controls help them save fuel by continuously main- 


Phes did at Toms River 


Corporation s plant Toms River. NW. J.! 


taining desired operating conditions. 


Most hieh-eflicieney steam cenerating plants rely on 


Bailes breve 


1. A Complete Line of Equipment 


Bailey manufactures a complete line of standard, 
compatible preumatic and electric metering and 
coptrolequipment that has proved itself. Thousands 


of successful installations involving problems in 


instruments and controls for power and process 


BAILEY METER COMPANY 


1025 IVANHOE ROAD 


in Canada—Bailey Meter Company Limited, Montreal 


measurement. combustion and automatic control are 


your assurance of the best possible system. 


2. Experience 
hailey Engineers have been making steam plants 
work more efficiently for more than forty vears. 
Veteran engineer and young engineer alike. the men 
who represent Bailey. are storehouses of Knowledge 
on measurement and control. Uhey are up-to-the- 
minute on the latest developments that can be 


applied to vour problem, 


3. Sales and Service Convenient to You 
a Bailey District Office or Resident 
close to Vou. Check your phone book for expert 
engineering counsel on your steam plant control 


problems, Al39-1 


BAILE 


° CLEVELAND 10, OHIO 


METER 
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American Blower Gyro! Fluid Drive lets you: 


| Take boiler feed-pump power from 


main-turbine shaft... slash auxiliary costs! 


Save price of motors, switchgear, conduit and cable. Release 
more power to consumer lines. Reduce operating costs. 


AUXILIARY POWER SYSTEM 
ARRANGEMENT 


MAIN HIGH = VOLTAGE TRANSMISSION 


MAIN 
TURBINE & BFP 
GENERATOR 


LARGE AUX. MOTOR JUS 
U 


Adjustable-speed, main-shaft drives for feedwater pumps reduce capital 
outlay for auxiliary power systems; cut operating costs. American Blower 
Class 7 G§rol Fluid Drives are available to 12,000 hp, speeds to 3,600 rpm 
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Savines of nearly $500,000 are pre dicted for two new 
290-Mw units scheduled for service this year. Both 
use qain-turbine feedwater pumps driven through 
\merican Blower adjustable-speed Gyrol Fluid 
Drive 
Savings are threefold: 
1. Shaft-end pumps eliminate costly electrical ac- 
cessories necessary for motor-driven feed pumps. 
2. Auxiliary demands are reduced, so more power 
can be released to consumer lines. 
3. American Blower Gyrol Fluid Drive saves power 
over the entire operating range. It offers adjustable- 
speed pump control that eliminates wasteful throt- 
tling; reduces wear by operating pumps at speeds 


to fit boiler demands, 


In addition, paralleling of pumps is simplified with 
Grol Fluid Drive. Emergency changeover from 


operating to standby pulnp is casily accomplished 


Let an American Blower sales engineer show you 
how Gyrol Fluid Drive can save power, cut Costs 
improve Operaung efliciency. Contact our nearest 
branch ofhice, or write: American-Standard? Amierican 
Blower Division, Detroit 32, Michigan. In Canada 
Canadian Sirocco produc ts, Windsor, Ontario 


* ~ 
Asenicas-Standard and Standard 2 are trademarks of American Radiator & Standard I ( 


American-Standard 


AMERICAN BLOWER DIVISION 
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NOW 


Piston-Type CV-P. For high- 
duty service. Extremely precise 
positioning gives you superb 
operating characteristics. 
Rangeability is high. Response 
can be characterized to meet 
your operating requirements. 
Designed for those applications 
which demand the ultimate in 
valve-operating force... where 
you want the finest valve 
money can buy. Hand wheel is 
optional 
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the right valve for more jobs! 


Now you can apply high-quality 
Copes-Vulcan Valves to any appli- 
cation, at unlimited pressures in 
sizes up to 12 inches. Simplified 
design gives you this new versa- 
tility, plus high standards of per- 
formance for broader applications. 
Too, you will get the Copes-Vulcan 
custom-design, with ports exactly 
suited to the requirements of your 
operation. 

Get in touch with your Copes- 
Vulcan man. He can help you apply 


the new Copes-Vulcan Valves to 


your control requirements. You'll 


get real dollars-and-cents savings 


i in Operational cost with less down- 
time in even those troublesome 
spots where ordinary valves are in- 

al adequate. Write for Bulletin 1027. 
COPES-VULCAN DIVISION 


ERIE 4, PENNSYLVANIA ~ 
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HERE’S A 
SPECIAL ADVANTAGE 
OF THE 
LJUNGSTROM:® 


high availability 


These five basic factors assure you that the 
Ljungstrom Air Preheater will give exceptionally 
long periods of uninterrupted availability: 

1. UNIFORMLY HIGHER COLD-END METAL TEMPERATURES. 
This minimizes the danger of local corrosion 

due to cold spots. 


2. POSITIVE CLEANING ACTION. A mass-flow soot 
blower is normally installed at the cold end of the 
Ljungstrom where deposits are most apt to 
accumulate. Daily cleaning with superheated steam 
or compressed air removes any deposits. 


3. INSPECTION PORTS. You can see for yourself, at any 
time, the condition of the heating surfaces. 


4. REVERSIBLE COLD-END BASKETS. Elements in the 
cold end are separated into small baskets, which can 
be inverted when one end starts to wear thin. These 
baskets are easy to replace, too. 


5. SELECT MATERIALS FOR HEATING SURFACES. Constant 
research determines the material best able to 
withstand service conditions. For example, the 
cold-end elements are made of a special alloy and of a 
heavier gauge than the hot-end elements. 

For the full story on how high-availability is 
built into every Ljungstrom, write for our 
38-page manual. 


The Air Preheater Corporetionn 60 street, new 17, ¥. 
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Hagan cuts dust 


costs 


Diagram shows how the Hagan 
principle of Selective Particle 
Acceleration Ventun 
effect of individual inlets ac 


works 


celerates gases on a 6 to l 


ratio. The larger, most abra 


TROUBLE_¢ 
-FRE 
PERFORMANCE 


GUARA 

EFPicience.” Sive particles pick up the least 
speed smaller particles are 

ECONOmy accelerated the most. All are 


efficiently separated, but wear 
on tubesis sharply reduced 


the principle of Selective Particle 
Hagan to guarantee 
efficiency and economy in their Aerostatic Dust Col- 
lector are explained in detail and illustrated in a new 


The reasons why 


Acceleration enables superior 


Bulletin MSP-124 A. 

Designed to produce high efficiency with minimum 
erosion and draft loss, the Hagan collector more than 
meets current and contemplated air pollution codes 
for coal fired boilers. 

The Hagan collector has useful application in the 
field of product recovery, where optimum efficiency 
improves your product and profit yield! In many cases, 
the Aerostatic collector will more than pay for itself 
in a short time and continue to yield profits. 
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Here is a bonus! Units are shipped pre-assembled. In 
stallation is easy, with resultant low installation costs 

A letter or phone call will bring you Bulletin MSP- 
124 A. Or if you have a specific dust collection prob 
lem, a Hagan engineer will be glad to work with you in 
developing an economical solution. 


RAGA 


HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 
DIVISIONS CALGON COMPANY, HALL LABORATORIES 


IN CANADA 


CHEMICALS & 
CONTROLS, INC. 


HAGAN CORPORATION (CANADA) LIMITED TORONTO 
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PLUS PERFORMANCE FROM 
YUBA CONDENSERS 


Performance tests made by the Indianapolis Power 


& Light Company on this 50,000 sq. tt. Yuba surface 
condenser a year after it was installed in their H. T. 
Pritchard Station showed zero oxygen content in the 
condensate. The temperature of the condensate was 
found to be 3.9 degrees higher than the temperature 
corresponding to saturation pressure. Heat transfer 


was ot design. 


Magnificent performance such as this ts far in excess 
of guarantees and it proves once again that there are 
great plus values in Yuba equipment. 

Consult Yuba for advanced condenser design and 
manufacture. Yuba condenser designs can save plant 
space, as well as initial cost for foundations and piping. 
A de-aerating section within the condenser shell elimi- 


nates the main plant de-acrating heater. 


PROGRESS IN POWER THROUGH PROGRESS IN HEAT TRANSFER EQUIPMENT 


YUBA HEAT TRANSFER DIVISION 


NEW YORK SALES OFFICE 530 FIFTH AVENUE 
REPRESENTATIVES IN PRINCIPAL CITIES 
0 r Yaha D 

Adsco Division, Buffalo, N. Y. 

California Steel Products Division, Richmond, Calif. 

Yuba Manvfacturing Division, Benicia, Calif. 
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STEAM SURFACE CONDENSERS 
EVAPORATORS 

weer? STEAM JET REFRIGERATION 
STEAM JET AIR EJECTORS 
FEEDWATER HEATERS 

BAROMETRIC CONDENSERS 


YUBA CONSOLIDATED INDUSTRIES, INC. 
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ing Engineers, Gibhs & Ht 4 


Some facts that may interest you— 
Our yearly tonnage of about 18,000,000 «25% _includes 
a variety of coals ct ey with a complete range of analysis. 


We maintain a central coal laboratory supplemented by 
quality control labs = 2) at each of our larger mines. Our prepara- 


A 


tion facilities _. are modern and utilize the latest equipment. 


sales offices with all our major 


mines. And our trained representatives I understand your 


Teletype service connects 


~ 


combustion needs and work intelligently to meet them. 


it all adds up to these benefits for yo 


You get a supply source that can handle the largest needs 
You get the coal that’s best suited to your combustion equipment 
* You get coal that conforms to standards 


You get responsible advice and service 


You get time-tabled delivery 


EASTERN GAS AND FUEL ASSOCIATES 


PITTSBURGH * BOSTON ® CLEVELAND * DETROIT * NEW YORK 
NORFOLK PHILADELPHIA SYRACUSE 


For New England: New England Coal & Coke Co, For Export: Castner, Curran & Bullitt, Inc 
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Mastering the double-eddy 
dust devil leads to extra 
dust collection efficiency! 


] 
| 
be Only Buell Cyclones have the “Shave-off” that removes the fines carried # 
<a in the double-eddy currents, minimizes reentrainment, assures measur- 
ably higher dust collection efficiency! Other exclusive extra-efliciency 
a features include large-diameter design that eliminates bridging and clog- 
f 9 Os 1 ving, proper proportioning for maximum dust separation from the gas 
stream, extra-heavy-gauge, wear-resistant construction, Buell-designed 
Hy 
Qt manifolding that minimizes draft loss, minimizes scouring and eddying. 
ae. For more information send tor a copy of the booklet, “The Exclusive x 
SF" ELECTRIC Buell Cyclone.” Dept. 7>-G, Buell Engineering Company, Inc., 
ici i cree 123 William Street, New York 38, N. Y. 
5 
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PRECIPITATOR CYCLONE 
COMBINATIONS 


at delivering Extra Eficiency in DUST COLLECTION SYSTEMS 
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The Admiral Speaks 


June produces almost as many commencement ad 
dresses as it does brides. Unlike the brides, however, thy 
commencement addresses all too frequently suffer from a 
SUTeness In the case of the commencement addresses 
this takes the form of a repetition of time worn admom 
tions and advice \s the years roll by the listening par 
ent finds himself murmuring the irreverent) thought 

This is where I came in So it 1s with considerable 
pleasure that we salute Rear Admiral H. G. Rickover 
always a forceful and imaginative speaker, for his stimu 
lating talk at the Eighty-Sixth Annual Commencement 
of the Stevens Institute of Technology Phe Ad 
mural’s remarks applied to the old grad as well as the new 
For example 

Iam going to fly in the face of the opinions of all 
sorts of sell appomted experts on the needs of modern 
tan by urging that in your spare time you make the ac 
quaintance of the ancient Greeks and Romans re 
tmarkably stimulating people and good company, [as 
sure vou \nd as a guide to engineering ethics, | should 
like to commend to you a liberal adaptation of the im 
junction contained in the Oath of Hippocrates that the 
professional man do nothing that will harm lus chent 
Since engineering is a profession which affeets the ma 
terial basis of everyone's life, there 1s almost always at 


unconsulted third party involved in any contract be 
tween the engineer and those who employ hin and that 
is the country, the people as a whol Phese, too, are thr 
cngineer’s chents Ubeit imveoluntarily engineering 
ethics ought therefore to safeguard their miterests most 
carctully Knowing more than the public about the 
effects his work will have, the engineer ought to consider 
himself an “otlicer of the court’ and kee the veneral in 
terest always in mind 

Consultation with other experts ought to become as 
\ Venetian 
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medical code of about [500 A.D. made it mandatory tora 
physician to consult a colleague before a 
serious disease Vet medical mistakes alfeet only one 
person, the patient; engimeermy mistakes can affect mul 
titudes 

Within your own lifetime a profound transtormation 
has taken place which has gone almost unnoticed by most 
Americans but which must strike any cugimecr torembly 
It is that we have ceased bemy one of the world’s richest 
countries in mineral and fuel resources and a great ex 
porter of raw materiils. Indeed, we are now mnportiny 
many vitally needed materials; we are, in tact, truly selt 
sufficient only ino molybdenum and magnesium of the 
thirty-two mdispensable minerals 

As T see it, the most important aspeet of the en 
vineer’s code of professional ethics ought to be the obliga 
tion to do nothing that will unnecessary aggravate tu 
ture resource deficiencies Poy mind his greatest tasl 
is to do everything he can to preserve opportunities bor a 
good life to comimg generations who will not be as rich 
in land and resources as we are today Phas means, 1m 
particular needless waste of irre pl rceable taterial 
no permanent destruction of good soil or of our shrinking 
water resources merely for the sake of tmimediate ad 
Valitages: it means utmost mevenuity substituting 
tbhundant materials for scarce materials, renewable re 
sources for irreplaceable resources Working to elimi 
nate the use of a searce gas, helm, tor testing purpose 
by substituting a more abundant pa When one 1s alert 
to the problem, many ways to save our resources capat il 
will suggest themselve 

\ promise to leave your country not te but better 
than you found it would to mie a most appropriate 


begining for an carec ble yeu arc 
ood lick 
bo the above we « only Vien 
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Fig. !—Predicted installed thermal capacity 
yeor by year until 1975 indicates strong 
growth pattern 
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? 355 1965 1975 


YEAR 


Fig. 2—Average unit will show an increase in Fig. 3—Number of new units going in each 
unit size from its established 78 mw level of year holds to a reasonably constant level if 
1955 to 325 mw by 1975 and the largest unit 


prediction is reliable 


will grow from about 300 mw in 1955 to 1000 


Last month COMBUSTION mentioned in its editorial 
“It Has to Come" the conviction expressed by the 


author of this article on the future for automation in 


Here are Vou 
and what do you wish? 


Phe asked of the three 


We lave com for the lerrmg tt 


Phat live mm this beautiful sea 


HUS Eugene Pield's characters, Wynken Blynken 

and Nod, answered the question we are gomg to 

dhiseu However, we cannot answer the question 
osuuply. Por us to answer this clearly we must adopt 
the techniques used for many years by the research 
chemist. Exanmune the needs and the changing environ 
tment im which the product must be used. Define the re 
quirements of this environment Postulate a structure 
for the proposed product (tailored to the ultimate en 
vironment) \nalyze this structure to determine which 
Hajor parts are readily available and which parts must 
be added Phen starting with the largest available block 
vithesize the product by planned additions to the basi 
tructure Where necessary, remove or rearrange a part 
of the baste building block Phius, we will examine the 


power plant system of tomorrow 
Here are Vou 


What will the environment be when we vet there 
Phis is the first mlormation necessary to analwze the 
problem we are facing Phe changes, from today to 
tomorrow, can be represented statistically by what ts 


expected for 1955 through LOTS 


mw in 1975 


Central Station Control—Today and Tomorrow 


W. A. SUMMERS} 


Ebasco Services Inc. 


the power plant. Here the author presents his 
philosophy on the subject in a paper we believe will 


prove a fundamental reference. 


In this paper, the word “control” is used in a “loop 
sense to encompass instruments, plant, process and 
equipment. Phe integration of these parts into a proper 
system is the product we are creating 

Phe economies of the utility industry is the environ 
ment that wall effect the development of such control 
What will this environment be like? Even though we 
lack a Bu Stand, Certified Crystal Ball, Figs. 15 outline 
the changing environment as it appears to us 

How do these trends portrayed by these illustrations 
help us define the characteristics of our future product ? 
What guides are these to management? How will they 
eet the plant and control of tomorrow ? 
Pheir effects may be evaluated im four areas: (1 


) 


safety and “cost of errors: (2) mvestment cost; (3) fuel, 


fuel costs; (4) labor 


Safety 


Phe plant of tomorrow dare not be any less safe tor 
human bemygs than the plant of today. On the contrary 
other factors, later, are bound to inerease the safety 

However, the effect on “measure of risk’? or damage 1s 
different pieture, Fig. 6, limited accident which 
naught cost SoO,000 1956 would cost SISO,000 by L975 
\ serious accident, (about three-quarters of mullion 
dollars in 1956) would cost about two and one-half mil 
hon dollars m LO75 Phese values do not include a tactor 
lor mereased labor cost or decreased purchasing power 
between now and 1075 Phe tremendous rise im risk 
dollars is plainly evident. The penalty for a single error 
in judgment or procedure is financially prohibitive. 
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Fig. 4—Plant investment for a unit of average size in constant 1956 dollars 

based on a coal-fired, outdoor station with unit investment averaged over 

two units per plant will go from $13 million per unit in 1955 to $46 million 
in 1975 


First Cost 


Relative investment costs will rise unless new tech 
niques and improved knowledge permit design on a more 
scientific basis, with lessened arbitrary safety lactor 

To achieve maximum use of capital funds, the extent 


of engineering required on each plant wall rise 


Fuel Cost 


For a plant with two “average sized” units, Fig. 4 
shows the vearly and capitalized (or break-even imvest 
ment) value of one-half per cent fuel saving. This 
capitalized value varies from $110,000 in 1955 to $460,000 
in 1975. For a medium to large size unit, these values 
double or triple respectively. For a one-quarter per cent 
fuel saving on a medium size unit, the capitalized worth 
runs to $900,000 by LO75. Itis obvious that a small meas 
urement or control error develops large dollar penalties 

et of assumed performance errors 


il small errors im terms of today 


Fable | show i 
In general these are 


Table I—Assumed performance errors in metering applied to a coal-fired 
unit compute to about I/2 per cent of fuel cosi 


metering accuracies and control responses. Applying the 
method of probable errors to a coal fired unit, these 
errors compute to one-half per cent of fuel cost 

It is interesting to note that twenty vears ago com 
bustion control was originally added on many central 


units on the premise that it would add one-half per cent 


LIMITED ACCIDENT 


1975 


1955 1965 


Fig. 6—Effect on “measure of risk’’ or damage for major accident, about 
$3/4 million in 1956, could well go to $2 1/2 million by 1975. Limited 
accidents will experience a similar increased penalty 
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Fig. 5—Increased operating temperature and pressure for the forthcoming 
equipment will give a reduced and improved heat rate bu! an attendant 
complexity of major equipment 


fuel saving. As we now know, it has been actually re 


sponsible for improved performance of greater value. 


Labor 


Our future plant must realistically reflect the ability, 
quantity and characteristics of plant personnel Men 
should be used for tasks where they are best) suited; 


automation should be used for tasks where it 1s) best 


suited 
Human engineering studies (1 
ingenious, easily 


2)** have found man 


to be slow, meonsistent bored by 


repetitious tasks, affected by human environment and 
capable of deductive reasoning, Automatic equipment ts 
last, consistent stupid, incapable of boredom, unaffected 
by human environment and meapable of making any but 
preplanned decisions, Theoretically, automatic control 
should) outperform human control operation 
power plant and a human outperform automatic equip 


ment in analysis of breakdowns, planning for detect 


ol al 


elimination and finding or repairing trouble. 
use of unique human ability is possible im the planning 
ind maimtenance areas, rather than im operation. 

\s plant investment cost and hazard cost merease, and 
issumuing noe dprovement control, an operates 
specd of response and correctness of decision 
Phis we cannot expect, lor we 


proportionately, 
during 


ire. already encountering limitation: 


svstem upsets, 
\ good operator has definite personality and motive 


tion traits. The percentage of available men with these 


qualities cannot be expected to mercase except im propor 
tion to total available manpower. substantial merease 
pay scales could attracthadditional suitable personnel 
from other fields We could also im tigate am Extensiy¢ 


numbered items in the 


1955 1965 1975 


Fig. 7—Yearly and capitalized or break-even investment value of a 1/2 

per cent fuel saving for a plant with two average-sized units employing o 

30 -ent fuel will change over the years as shown above. A medium 

unit realizing a 1/4 per cent fuel saving will have a capitalized worth 
pictured by the dotted line 


5 


Av 
6.0.6 
NIT 
YEAR OF TRIAL OPERATION YEAR OF TRIA ERATIOR ' | 
' 
thy 
i 
ib T A A 
te 
EXIT A 5 f 
EXTRA PRAY WATE PM 
vue 
i 
50 Oy wy > w 
~ ) a 
\ |“ 16) a 
— = “he 
iw 


% UO HOUR WEEK 
~ 

OR 


(| SHI FTMAN/UNIT ) 
( & 32 HOUR WEEK ) 


— 


| MAINTENANCE, E17 


Fig. 8—Changing labor availability indicates that with the same staffing 

policies of 1950-1955, power industry will need 75,000 plant personnel 

but shortages in the available labor pool will force further labor saving 
procedures and equipment 


provera ter cle clop the desirable 


cleetiou 


whe have some of the 


attribute wothis worl of these solution 
would also merease the allowable expenditure for 
covalent mistrumentation 
\lternately we could design the overall controls to fit 
witable manpower. Such control would be so aute 
nati that the usefulness of the man is questionable 
plants service im 195 should average les 
new units 


Opel iting per 


per onnel unit than 145 
from 1955 to LOTS should average les 
wnat In terms of shitt) positions, this mean 
umt with the present 40-hour week but 
il lift umt af the 32-hour week becomes a 
reahty (1 See also (4) bottom of column 
unl our is toe radieally 
hare of the labor po i} 
\H] the conditions discussed above pertam to the con 


sof the other aspects, plant automation 
entional tossil tuel fired plant. Tlowever, they apply 
even tore strongly to the nuclear fuel plant, where satety 
pohtieal considerations are literally toremg com 
plete remote automatic control 

Phese figures are qualitative, mot quantitative How 
ever, the trends are apparent 


mereased msk a both dollar average down time 
mereased Cost ob manute errors operation 


decreased availability of qualified operating personne] 


ot these tactor ire chetatine an automate 


Phatas where we are 


Phe ultimate cams in cnygimecrmy cllort to meet the 


eported m the 1956 Stud 
personnel would change 
\pproximately half of the 
If we can 
equipment con 
hamtemanec to the 
Phis would) requir 

me that tert 


vill be SOLOOO pen te ere wall tn 


Fig. 9—Manpower available for operation, charted above, indicates the 

author's belief that maintenance can be held to the same number of men 

per unit over the years with all personnel savings being realized in operat- 
ing crews 


foregomy trends should be a) reduction im ¢ ipital 
vestment per kilowatt; (b) reduction replacement 
sts: (ce) reduction Mm operating costs 
We can eventually reduce capital investment by pro 
viding a “tighter” design (with less factor of ignoranes 
peration closer to design limits, scientific use of process 
dynamies to predict the proper minimum size of all plant 
components, elimination of all equipment imtended tor 
local operation only (such as local controls, bypasses and 
hutoffs) and climination of extra backup equipment to 
try and “hang on the line when large mterconnected 
stems can absorb the shutdown of a unit without a 
tendency toward imstability 
Decreased replacement costs will result from. closer 
control, minimized risks to operating equipment and 
consistently gentler operation 
Reduced operating costs will be realized trom optimum 
perbormance ob Cac h element of cach mterconnected unit 
ind fewer men per unit 
It is true that capital investment on the pioneer units 
will be higher because of the development work necessary 
ior achievement of these goals. However, there will be 
ide advantages during the interim period, such as a 
vreater safety for men and equipment; (b) decreased 
nt mamtenance improved mitegrity ol 
umits; (d) improved eflicreney; (e) ability to maimtaim 
first-class operation with minimum personnel during 
CTHETYCTICICS 
Phe pioneer automatic plant will provide greater satety 
more considered, preplanned action and rapid vet 
completely uncmotional response 
\lore consistent action and gentler control should 
relatively decrease major equipment mamtenance. There 
should be appreciably less compounding of errors, thus 
Huprovings mtegrity 
Increased efliciency should result from more accurate 
ind better correlated data, use of predictor type control 
to reach equilibrium: sooner, with faster settling times 
nd with smaller deviations; thus permitting operation 
closer to design values 
Decreased de yx ndence of many tramed operators will 
pernut the plant to continue im operation with miniunum 
even substitute personnel during periods of catastrophe 


or emergencies 
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Fig. LO outhnes a svstem to achieve the desired re 
sults Phe diagram shows both the mterconneected 
system and a typical unit \utomatic control wall 
govern the entire power system, starting, stoppimyg 


loading and switehing all units 
Phe central clement of this power system is ai area dt 
petchimg computer, Whose mputs are 
1) Present electrical load, voltage and reactive con 
ditions 
Interchange commiutinents tor power and reactive 
3) line 
Operating problems imter-svstem 
Date, day and time 
6) Present and predicted weather at different part 
of the system 
7) Plant operating and pertormanee data 


Phe computer will digest this information, compare at 
with stored imformation and issue two sets of commiund 
The first set will contaim the necessary line switchimg 
orders to arrange the power system as desired Thi 


second set will contaim imstruction tor madividual units 
1) Presently desired power and desired voltage and 
reactive 
Predieted short-term, unit average and 
load 
3) Precheted four -cight hour maximum and 
umit load 
Phe pamediate umit mstructious call tor mstantancous 
changes in the turbine governor to wccommodate the load 
and changes in the generator field to accommodate the 
voltage and reactive requests. These changes tend to re 
flect throughout the unit evele but will be continuously 
corrected by means of close loop predictor 
controls simultaneously adjusting items such as fuel, aw 


level, pressure md) temperatures. Where possible 
equipment will be turned on and off by this “desired 
load and failure of such equipment will bring stand-by 
equipment mto service Phere will be an imterlocking 


ind safety shutdown system constantly momtorimg the 
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Fig. 10—The plant of tomorrow wil have automatic control govern the entire power system, starting, stopping, loading and switching units 
schematic shows the interconnections and the major elements 


loop control for cach unit the plant wall be 
tem charactermsty 


interlocking and logical comtrol wall be 


been lustoriealls 


equential logical control Lovgieal control 


quently shortened to 
irranged to mike proce termined 


decisions im the required order portion wall be pore 


paring equipment 


ol 
sequential loa 
complish change 
logical control wall 


S hour predictions and will program cand 


quirnnng appreciible tine to prepiare 


puter to load other 
equential 

he controlled equipment will be recorded ag 
cequential operation ane 
ind tordentify and correct maloperation 
weal control wall 
data collection 
equipment will sean data, compare actual operat o 
torcd optimum operation 


throughout the plant It wall divide an 


AREA ATCHIN MPUTE - ation i 
PRESEN PRE A 
| 
= = a4 
| } wakm uF 
PROCE 
WISTORICA | PERF ORMAN >ERATION 
ape 
AREA iW ERROR aa, 
i 
proce to protect the satety of the plant Phe closed 
Phe short-ter half hour) predietions wall teed a 
at 
toppil peri md closing the various around 
as 
thre pratt ri oon to 
Necessary 
take amistructions brome the 
1 
start-up chedule shutdowns and make an 
le el fuel toc] piling iid other (per ition 
As 
mito three group OPerallon 
dle dala / (al dala 
the abilitw to chanve load Performan 
operations and provides information t 


z 
etermmne What part of the plant is causimg methcent irea dispatching computer as shown in Fig. LO 
When this is deternuned, other control el Phe momtormg system im conjunction with the “‘logn 
© the necessary. correction Ilistorica will itiate the readjustment or, if necessary, removal ot 
of ne aumediate use but rather is collected for offending equipment and substitution of spare equip 
ort lone term trend inal prediction Phe computing section of the monitoring equip 
heduled permods and necessity tor u ment will frequently readjust: the umt control setting 
ind actions to obtam optimum resporse 
torical and operation data trom: all plants am thie Phas 1 model for an automatic svstem. It starts 
vill be ted to the tem tatistical analysi itself, runs itself, schedules its own removals trom service 
nt which wall proce thre tem accounting m ind cxecute these removals im oan orderly manner 
tw ne prepare neuntenanee schedules as well a Nothing Ie than this can truly be considered an auto 
tem plans md development engineer matic plant Phe first complete prototype units will 
ce and operatime cata wall also feed thre probably vo i service in the first half of the L960 
THE PRESENT STATUS QUO 
Wwe ly level it’ thee Which Wwe ¢ other Hlowever thi clo ed loop 
ten Hitra-plant controls are now working 
Where ore we In the plants of today, we have the emergeney-action 
oallustrates the portions of tomorrow vsten control (9) (1e., fuel safety systems, generator protective 
Whiel are presently muse or currently mm the expernnental rela pimp control, ete Several 
or Stave types of proce md equipment data collection and 
\rea dispatehing computers using present load voltage moniteriny are already mstalled tor experimental use (10 
md reaetive ever Equipment to locate the cause of metherent opera 
tine clleet ire mb existenee (4, 7, S Com trom must be developed (1 System operation statists il 
miter production of load as vet te corn Phe load and continuous bast must be further cle 
ltave control tems exist, for units and plant eloped and) sequential logical control for both short 
Present enerator and evele controls do motu term and lone term: actrou mist ly pertceted Hlowever 
lide the prechetor feature and do miteraet with cach the important carly steps ar beme taken 


} 
| 
| 
| } 
| > 
| 
Fig. 11—The above elements represent the portion of tomorrow's ideal Fig. 12—The basic symbols employed by control designers in the so-called 
system presently in use or in the experimental or development stage “logic” systems for the functions “and,”’ “or,”’ “not and “memory: 
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For purposes of tl 
trol as that which 
variable These ar 
back from the proce 
water, combustion 


us paper, we will define analog con 
controlled 
© continuous servoloops with feed 


continuously corrects 1ts 


SS example s are controls for feed 


steam temperature, generator volt 


age, heater level, ete. We will define digital control as 


discrete step control 
or permissive imterl 
control, et 


such as motor start-stop, protective 


ocks, line relaying, pressure switch 


2) Control systems that time share the component 
unongea number of coutrol jobs. This meludes the use 
of sampled data as inputs. Such systems may substants 
ally reduce costs 

3) Digital programming of sequential control steps for 
starting, stoppmyg and operating a unit and: 


Such a program should foresee and counter the mterac 
tions of one piece of equipment on another 


In general, we use analog for more or less 
digital for some or none 

In the analog portions of the control systems, the re 
maming problems are essentially rangeability, stability 
under upset, inputs, lack of knowledge of system response 
and control loop interactions. In the digital area thr 
problems center on inputs, rehability of very complex 
systems, the reduction of data to useful guides and ce 
velopment of self-modifving programs 

How do we vet there 

In order to determine how to arrive at our ultamiect 
aim, We must investigate the engineering base: the Jen 
the Method Vat a/s that are available or must be mac 
ivatlable; the other VW. Mon 


CUSS6 


vy was previously di 


Men 


What of the J/en who wall design this plant Poday 
field 4 
hould be bitoeal lens because 


the greatest mfluence m the cngimecrimy 
control Our svimbol 
we must watch the overall svstem, but also be capable ot 


scrutinizing the small details Po properly engimcer 


1) Logieal circuit design technique 


S Whieh permit the 


detailing of cach control action required of an miterloeking 
system, Fig. 12. shows the baste svinbols we use tor logue 
Combine 


vstem (Cand or not and “memory 


tions of such devices will produce any desired digital con 
trolaction and many sequence. An example of the tse ot 


this technique is given later 


Materials 
control 


dy iced 


Phe manufacturers must 
equal to the task 
method \s systems grow more complex, the prime re 


pron 


coneerved by men using 


juirement is muproved Reliab 

Phe final controled elements such as borders, turbine 
md pumps presently have good rehabilityv, when prop 
erly operated 

In analog equipment, transistors have not yet demon 
trated a clearcut supenority over vacuum tube method 
tne 


certaumly not over ippear 


provide a decided improvement reliability Ieventu 


the baste differcnee between 


Component Ob im 


herently 


lite and a component with 


hhort Tite 


control svstem, cach 
of our orginal tra 
chenneal or any othe 
must consider t 


results and the po 


come a coordinated vstern to h the desiree 


results with due re 


phvsical, human and 


In our mdustry 


with equal care, t 
structure and 1 
He must becors 
with both 
be ipable Ol 
ciclitily 
constantly be aware 


influcnees control 


equipmicnt 


ment the proce 
the control 
him to be, but rath 
thre type ol 


pl iit 


generator and pump, rela 


of us must abandon the limited view 
ming, be at mechameal, cleetrical 


I We must Lece pit the broad view 


he environment, the tools, the desired 


ible route From such study must 


ird to all consideration tructural 


the control cnemeecr must cousider 


requirements of switeligear pape 


equally with Wire 


flow and clectroms aust 
the language barners eng 
that the proce md ats 


much, wd not more than the control 


re, he must check that the equip 


is suitable tor good control 
Snot the speerlist so mit thant 
rhe must be a eneralist 
to desron thre te 


What /etho vill be used a this desi 
first essential is much more knowledge the proce rie] 
better data anal 1) the control « 114 it 
competently review the equipment do plant character 
with this 4 11 lie « esi 

trol © lete unit | vill per 
the stud lity Which probabl 
would dare be tried am the plant It would also pernuint 


the ce 
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bound to turn the the ld lo oli Live equipment lol 
In digital equipment: much has been aeeomplished 


toward amproved reliibilit nicl 


transistors provide dependable “Toga ystem 
katie planta uch that onl 


ponents dare be used or the Irequeney ol 


for the complexity of the Joon 
extremely relnaible com 


could mike the whole scheme 


One form of such logie is the solid-state digital com 


puter Phis as capable of translating plant rea 


operating mid sequential 


Chose 
We antiempate use of both eonera 
pecial purpose computes cheral purpose 
chine permits external teed of both data cad: 
trot the specail purpose machine 

data but ha wired) 
Nexibilty of the general purpose miachine 


use durme the development of the plant 


tas quite Hkely that the mstruction 
Wall require revisiel 
Lookimye back at the required migredient Wwe ee that 
the men, the methods thr are avanhable 
to peruut a start toward an 
ent eve complete new concept vill occur the 
nrovram ce clop but that need not preelude the 
tlemipt It is amteresting to see how some ot these 
ternal d techmiques cam be port 
Application Example 


hal 
‘ 
4 
Methods 
i 
1 
previously mentioned x 
a9 


A, 
\ 
4 
4 
i 
| 
| 
| 
, 
La | 


Fig. 13—As a typical example of the application of a sequential logical 
control the author uses a condenser air removal system for a guinea pig. 
The above is a flow diagram of a steam jet air ejector. (See Figs. 14, 15) 


control scheme to the design principles mvolved 
\ ilk ¢ we lave elected the condenser ur 
removal system of tha vstem would be 
controlled by a master programming device; however all 
ispeets of the control within the sub evele would be under 
the direction of the logical tem to be designed 


Sinee the ol present utilize team jet 
ejyectors, this will be the system we attempt to automat 
\utommation is considered to require automatic sequential 


tarting, proper ind programed 


hutdown and subsequent restart Phe master pro 


gramming device will provide signals tor (1) prepare to 


tart (3) shutdown 
hiv. shows the flow diagram of the steam jet eyeetor 
ystem studied and Big. bt shows a control developed to 


this particular system 


\\ ter the “prepared te 
ks the team pressure ui ol tistredd wa 
pon t tru | «lt 
camel ‘ Ive ire al if the Stramer 
" 


becomes excessive ORR the steam valves d 


hut 


t open AND) the master program is NOT calling for a 
lown Phis provides a path t irm up the steam line serving 
the air ejector When the master programmer calls for the 
uu tem t run \NDD af the condenser pressure 1 
iv the signal opens the hogger steam supply Phe opening 
of the steam supply valve V3) produces team pressure at the 
ig! the signal opens the hogger steam supply Phe opening 
f the steam supply valve V5 produce team pressure at the 
yyer nozzle, which permits the hogger air suction valve to 
per Phis puts the hogging ejector in full operation 
In the meantime, the advance of the master program has shut 
the strainer drain valve When the condenser pressure ce 
reases to le than five imehe i stop impulse is generated 
ich first closes the hogger air suetion valve VA LO, then close 
the steam supp valve VS 3. Similar action takes place if a 
ter program calls for a stop during the time the hogger ts mn 
perathe 
When the master program is calling tor the eyeetion system to 
run 1) the comdenser pre ure is between 2 and Lo 
\NDD cooling water flow is available, a start impulse ts sent to 
t rain jet tem If cooling flow is NOT avatlhable, an im 


© is transmitted to the condensate system calling for an 
tomatic start of the condensate pump to provide the necessary 


linnge thew Phe first action of the starting system is to open 
the aftercondenser drain VID 10 and provide an impulse to the 
inl ite ntrolling the imtercondenser drain Phis impulse 


to be transmitted until the imtercondenser pressure ha 


reached IS ine \NID there are normal levels in the aftercon 
denser traps AND seal loop. If the seal loop level ts NOT proper 
for staurting it will open valve VID 5 to fill the loop to the nece 
rv se level whereupon close If the aftercondenser 
i traps fail to operate properly by the time the mtere muden 
r pressure decreases to TSN ainehes, an alarm wi named calling fer 
erive ure 
Simultaneously with the opening of the aftercondenser dram, 
tart is fed to team jet ejyector pat This first 
turn no the second stage jets on both path When the jet 
nozzle pressure is reached design value ANI) af the starting 
the air suction valve ire: opened Phi 


ces the second stage jets in full operation, permutting them t 


pull down the pre re to the IS imehe il 


to provide a Starting Signal for the intercondenser drain valve 


When this valves opened mother mnpoulse il checks the loop 
llevel for operating position. [fit is improper it wall generat 
ignal, and af its proper it will provide a permissive sit 


nal which when coupled wath the start map 


se AND) suc 
il wall steam t 


trom Valve cope zn the first stuge jet 
When the condenser pressure decreases to below 2 inches, the 
tarting impulses from both sets of jets are removed and the 
normal running control takes over control arranged 
transfer operations from the A set of jets to the B set of pets ones 
d OR to automatieatl tart the second set of gets if the au 
meter indicat zero flow ignifving a jet failure) OR an 


handled by 


ut oof these signals will operate a flip-flop which holds 1 


ve the capacity capable of being 


Fig. 14—The air removal system of Fig. 13 would be automated by the application of the elements making up this sequential logic control if the 
attempt is made to automate the process exactly as found. See Fig. 15 
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postition until it receive r stuart For example, a 
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the B jet was running 1) a 24 In 
block would be energized, 
circuit of the A jet 


ur pulse came, the “Run .\ 
putting an impulse up to the starting 
which would sequentially come into service 
When the air suction valve becomes open, it would fulfill the 
requirement of both A AND B suction s open (since B 
is stall in wided the high ANI) the 
condenser pressure 1 Phe 4 “And 
gate will produce a gate from ““Run 
B jet. However, if 


ind valve 
tir flow is NOT 
In normal operating range 
ignal to the 2 

gate will then pa i signal tripping the 


ervice) pre 


the action that cause the \ jets to come imto service was from 
tir tlow higl indicating a requirement for two jets in service 
the “Not air flow high” requirement of the 4 "And" gate would 


ind therefore the tripping impulse for the B jets 
Phis would leave both sets of jets im 
uch time as the leakage air flow is reduced to 
normal or below 


would not be generated 


until 


If, during operation, the condenser pressure should rise above the 
normal 2 inch Hyg, both jets would be put in service automatically 
ind should the pressure rise above 5 inches the hogging jet will 
be automatically brought back into service 


When the master program calls for a shutdown of the evacua 
tion system, all starting nmpulse lines are blocked and the trip 
ping impulse lines are energized in their proper sequence so that 

lequipment 1 jut down, ready to start again 


Its obvious from the above description and diagrams 
that the control of a jet ejector requires a considerable 
This al 
lustrates What happens if you attempt to automate the 


amount of logic equipment and logical design. 


process exactly as you find it. When thé logic becomes 

complicated, the engineer should search for an alternate 

piece of rehable equipment that is more amenable to 

imtomation and which will still accomplish the basic 

funetion required by the power plant cvcle 

For example in place of a steam jet ejector, we could 
water-sealed pulps The 


iutemation of such a system has been imvestigated and is 


LIS¢ motor-driven vacuum 


shown on Fig. lo. The immediate impression is of con 
sic rably less | 
When thi ter program does NOT call for the vacuum ten 
! topped rh place lon a three \nd gate for each 
cuum p | If t ondenser pressure is NOT normal, thi 
will start bet 1uIn pump Phese pumps have high capacity 
it high condenser pressure md, therefore, they can serve a 
ther own \s the condenser pressure reaches the 
rin the starting ampulse is removed from both 
vacuum pump nd one input ws provided to the 4 And" gate 
that contr t tripping of the vacuum pump \s before, a 
flip t determines which pump should operate Phe 
Hip-tlop input comes from either the 24th hour or the failure of an 
perating: purip (whine ound an Phe Or gate take 
ither of thre gna ind transfer the flip-flop from run Bote 
run Aor vice versa) When “Run A” is called for, the \ pump 
is taurted up, putting both \ and Bo pumps im 
gate mi the iripping circuit detect that both 
pump re in service AND) that condenser pressure is normal 
1) Ru w called for Phis permits the gate to 
generat ittrips off the Bpump Tf the \ pump fail 
t tart pi ttripped Should condenser pressure 
ie above the normal range, the signal toe start both pumps 1 
generat und tinuies until condenser pressure returns to the 
When the master programmer call for the 
te tor be ut down the NOV condition is removed 
frean the permissi turting gate and a tripping signal is put im 
cut 


In both of the above examples a refined de sign would 


change the normal values as a funetion of circulating 
water temperature and load 
Not only does the final diagram appear considerably 


suupler but the relative design times for the two systems 


ire in the order of 20 to 1. Suchinvestigations are vital in 
the undertaking of the automation of a process as com 
ple x and mterrelated sa power plant evel It is ab 
solutely essential that the control engineer and design 
cngineers trom: other sections consider not only the fea 


tures of mechanical or electrical performance but ther 
controllabilits We can tully expect that this “controll 
bihtv approach will extend in the not too distant future 
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Fig. 15—When the logic control becomes complicated such as Fig. 14 

ft tic equi t amenable to automation should be uncovered. A 

water-sealed, motor-driven vacuum pump, above, offers such a choice for 
condenser air-removal 


tc 


even to the major items ot Suc hoas boilers or 

turbines and will undoubtedly appear im the evaluation ol 

such equipment tor purchase 

Phis is a short example of the type of disciplined think 
that undertaken for 


each part of the evele, each subloop within the 


my must be each piece Ob equip 
ment 
main loop before we ean arrive at a truly automatic plant 
This 


knowledge on how a plant 1s operated and why each pur 


requires al appreciable accumulation of basi 


ticular step 1s taken Much work has been done and a 
fair start has been made toward accumulating and classi 
fying this mformation Phis work permits a reasonably 
well founded opinion that the task can definitely be ac 
complished now, provided the major equipment manu 
V\ 


and their he: 


facturers rise to the challenge 
share of the responsibility for detinmy the characteristics 


of their own equipment 


Summary 
Fig 


achieve our 


lO imdicated “where we are going am order to 


“wish of greater reliability, decrease operat 
\n analysis of that dia 
tech 
Phe crude form in which they presently 
first 


this cruct 


ing cost and total plant costs 
gram) Shows that most necessary components and 
niques are here 
exist is probably good enough tor the attempt at 
It will not be 
when the refined appheations are made im the plants of 


197 » 


complete automation form 
Phe everyday use of some new techmigques; 1. 

analog stimulation logic design, and self-moditvinyg pro 
will provide the sought after refinement 
the talents of 
operators, mathe 


gram coutrol 
The 
othe rs to 


control engineer wall utilize 


advance his work, 1. 


ticians, circuit designers, metallurgists, even psycholo 


gists. He will correlate contributions trom all areas to 


produce a realistic, optimum system 

We have seen a radical change im our madustry im the 
past twenty vears: we can foresee an even more radical 
change im our mdustry im the next twenty year Tlie 
potential achievements in this changing, challenging en 
vironment are limited only by our vision, our skall and 
our willingness to work Phe deheate balkunce required 
to achieve progress was aptly stated by Bernard Baruch 


When he wrote “Our problem is how to remain properly 


venturesome and experimental wathout making tools ot 
our elyve 
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AEC Invites 


Commission ha issucd oan 
lustrial firms to submit proposals ior 
¢ Low Power Reactor ALPR) at 
enctor Pests ou Idahe Pro 
t be submutted to the Comission Idahe 
(lice Idaho Falls b July 
tis now under construction and is expected 
doin operation thi It 
heterovenous bothng water reactor with an 
~ 
s 


cope ol the text However, full credit must be given to 
the operating men and compames trom all over the 
(nited States interested in automatic control 
CES 
Karly Bird Cron | / 
ber 
’ Fuel Safety Syste for Large Steam ¢ t 
rs, Sout tern ric | ge, ti ( 
Mi i, Fla, M 1a 
Cen Int i 
! on Prowe rit P. Dick | 
Mk Meeti Swept r 
( busts ( | | 
Ib Be HH I nl ¢ ( 1 
I 
1) Ana Bonler BE. 1.4 
I Paper SS-IRD) \SME 


Proposals To Operate Argonne Low Power Reactor 


itpout of 200 kilow itts electrical and Btu pel 


hour ior space heat Phe ALPR was developed by thi 
Comunission as a prototype o. nuclear power plants ior 
use at remote unhtarv mstallatrons 


\ cost-plus-fixed-fee contract to extend through Jun 


LO00 wall be negotiated Phe contraetor to be selected 
will operate the reactor facility, periorm research and 
development work and provide assistance to traming 
activities to be condueted by an Army grouy 


Blaw-Knox 

Clamshell Buckets 
cut costs in handling 
light weight materials 


Because they are specifically designed and built 
for light weight materials, Blaw-Knox Coal and 
Coke Buckets maintain a more efficient ratio of 
bucket dead weight to net pay load. 

An experienced Blaw-Knox Bucket Engineer 
will be glad to analyze your handling methods 
from stockpile, boat or railroad car, climatic 
conditions, type and gradation of fuel as well as 
other factors leading to the proper application 
of the Blaw-Knox Bucket best 
operating conditions. 


BLAW-KNOX COMPANY 


suited to your 


WRITE TODAY! Get your free copy of a 
! Knox ¢ hell Buckets for handling Pittsburgh 38, Pennsylvania 
Ask for | 
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H. M. Soldan P. H. Gravelle P. M. Brister H. H. Hemenway 
C. Lb. Clark A. C. Pasini J. L. Menson 


The Battle of the Superheater Bulge 


At the Semi-Annual Meeting of the ASME in Detroit, June 17, the proverbial 
panel of experts met to report on one of the industry's current and pressing prob 
lems—the failures of AISI Type 321 austenitic steel superheater tubing. We are 
attempting below to record the sense of the panellists’ views rather than their 


exact word-for-word statements on the different points under discussion 


Chairman A. C. Pasini, Assistant general superintendent that the 


Stre Commnttee based at election 
of production, Detroit [edison Ce 


tresses on laboratory data for material whiel 


Phi rious ASALE codes mterrelated with the not representative ol that produced for the a 
AST AT finda have produced specication tallations am whieh trouble has oceurres 
identitied Howable tress md furnished was reputable laboratory data ob the longest te 
formulae for material equipment service ny tine availible but most of it was tor 
Where new materials or new appheations de to which the properties of Pype 3 vere 1 
velop the regulatory bodies have allowed their ite to be similar Remember these 
even before them tull charaeterists have been were developed pn nly tor corross 
known on the theory that) progr hhould Dataon the very coarse ery 
lowed rovided i issured Now we were dsrevgardes rec ‘ 
face proble of unexpeeted exeessive bulging Howable curye lt through 
bove | per cent of O.1.) or creeping of titania werage Of the lowe ly Che then curre 
tabilized Pype 32 Steel superheates ecu eptab 
tubes condition Phe question rad nermitted considerable ricit 
Have We tows Last treatment | j ‘ 
Henry M. Soldan, semior cnyimeer, Puble Servic teniperature trent hi ‘ 
In tl f present knowledge, it appear requirement te erature { 
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& 

of 
; 
yy 
i 
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Poday high temperature annealing at 2000 I: 2) It must be recognized that definite spect 


numimum is being practiced to promote the solu fied grain sizes cannot be controlled because of the 
of titanium and columbium carbides im duplexing which occurs during grain growth 
effort to improve high temperature strength However, available information indicates this 
Phe eriterita for establishing stre levels by the duplexing has no effect on the high temperature 
Boiler Code is well known and appears under properties 
Pable P-7, Seetion I 1) Cold working appears to have little effect 
It is now venerally agreed that gram size per on the 1200 F rupture strength but it does de 
eas not the determining factor in producing high crease the ductility to fracture with the decrease 
temperature strength, and while material which being the greater, the coarser the gram siz 
bas had a 2006 F or higher temperature anneal Even in the absence of cold work the hot ductiliiy 
nsually exhibits a large gram size ol 6 or coarse! to fracture is decreased with increasing grail size 
because of Structural variations this may not be H. H. Hemenway, chief engineer, Foster- Wheeler Corp 
the case; but larve grain size in cold worked Phe solution to the so-called austenitic super 
vistenitie tubing is imdicative of a high tempera heater tube failure lies with the control of certain 
ture anneal, even though the gram structure may factors Phere are two principal ones — the 
he cluple metallurgical problems and the design ones Phi 
Roller metallurgical ones have been ce scribed by M1 


Clark 
Foster-Wheeler has some 24 steam generators 


Clark, tall metallurgical engiicetr Pimiken 


Lhe bulved have all been tine gram, 
enerally of the order of S or finer; while thos in operation with superheaters under condition 
that have not bulved have been coarse grain that are reputed to produce failures. “Twent) 
his observation caused many to conclude that two of these have been im service lor two years oF 
rain size was the controlling factor responsible longer and the first one goes back to [oo No 
failures have occurred to date Phe answer 1s t 
design the boiler so that the calculated maximum 


metal temperature will be ubstantially above 


for the failures of the tubes \Iost agree that 
Size elf is not the controlling factor but 


rather the solution treating temperature 
olution temperature is a rather loosely used the boiler part's operating temperature . 
term and is often applied to any quenching tem On the steam side allowances must be mace 
neratere for austenitic sticel 4 auenching ten for uniform flow conditions recognizing that there 


} 


perature Should not be referred to as a will be variations for tube thickne tube 


fabrication that will effect pressure drop through 


treatime temperature tas capable of putting 

dal ' the tubes and hence influence mass flow chara 

in Solution the elements or compounds present tart ' ld sl 
stics vas Sill \ STOW 

Porexample, only Sight solubility occurs m Types Cristy 1 | 
siv ) mite wal 
mid below [SOO F and that 2000 F is re design considerations for a unitorm 
\ wus st m ten tur gradient Th 
before appreciable solution oceur Phu rea cmiperature 
items of firing equipment selection, furnace design 


for these vrac temper itures be low hould 

not be referred to as solution temperature and operating procedure bear strong) nthe 

vas sic CX 


Phe stress rupture characteristies of Pype 
ifter hing from 100, 2000 or 2050 te sted P. M. Brister, manager, design engineering, Babeock & 
out the Same even though the grain size after the Wileox Co 
G00 F treatment was rated as S, mid after the two Some very length ind detailed testi work 
higher temperature treatments as 6 4 (9, 5 iid has been carried out as well as mvestigations of 

sta, 2 However, the rupture strength of this the experiences of other by W. E. Levda, semior 

teel when normalized from 1750 F was much test engineer, at the B&W Research Center im 
lowe! Based on available data the Phe reported finding have been mac 
rupture strength could be either 2000 or SSOO psi into a paper available at this meeting and t 
is compared to SOOO pst for the higher temperature which reference will be made im this discusston 
treatment Only the 2050 F treatment gave a B&W has some 26 boilers im service usitlg thre 
creep Strength exce of the Boiler Code man Pype $21 austenite steel in the superheater tube 
miu allowable stress ob 9000 psi Only four of these boilers have had tube exper 

\s a conclusion 1) The cause of the excessive ences where the superheater or reheater tubiny 
creeping of Types uperheater tubing oper well exceeded one per cent of Phere were 
iting units resulted from an attempt to produce a [7 tubes so affected. Some of these tube 
fine vraim size to facihitate fabreation \s a result suffered from operating under conditions that 
the quenching temperature used, gener lly of the exceeded design and the arbitrary solution was to 
order of 1700 F, was not high enough to pliner replace Ul affected tubes rather than to attempt 
uflicient titanium im solution to obtam the re to field correct 
quired igh temperature stre neth indicated by the Up to two vears ago there were no gram siz 
Benler Code stresse nor annealing temperature specications \tter 

[tis believed this problem has been solved fabrication the tubes were worked im the shops 
by the proposed revisions to AST Speetficeation with the heat treatment at 1750 Poday this 
Versan which a muanimnum solution treating tem shop working is carried on at heat treatment tem 
perature of 2000 Fis specified and a gram size ot ¢ peratures of 2000 F which gives an additional high 
or coarser in accordance with ASTAL Spee E19 temperature strength. Tt is further specified tor 
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2? 6. The new 321 H 


steel will meet all these specifications. 


allowable gram sizes trom 


‘Kor best service performance, a combination 
of high rupture strength and high rupture ductility 
Some heats of steel have displaved 
but the 


features have not vet 


Is desire d 


this combination of properties, factors 


which control these been 
fully defined 


in order to gain this knowledge 


\ great deal of work remains to be 
lone 

Recommended fabricating operations should 
that | 
on the high side of 


ensure the carbon content must be kept 
the 0.05 to 


mull-annealing must 


ralige, per 


cent, not be performed 


at temperatures below 2000 F, (3) annealing after 
cold working or, any other permanent plastic de 
must be done 


O50 


fortmiation 
F to 


at temperatures ranging 
from Itis important to 
out that gram size per se is not the only eriterion 
While it is true that 


aterial always 


for good rupture strength 


medium to course grammed has 
displaved good rupture strength, it has also been 
that 


demonstrated material which retamed a 


fine size «at 


of POOO and 


temperatures 


lugher, likewise has excellent 


long-time strength Phe con 


to be the 


high-temperature 


trolling factor theretore appears anneal 
my temperature 
\s one might 


rupture 


suspect, the improvement im 


properties resulting from high annealing 
temperature has not been obtamed without sacri 
thew some of thre 
clongation for 

BAW 


from IN to ooo per cent as 


rupture ductility Phe per 


centave ol rupture im LOO0,000 hit 


based on the Ss tested decreased 


the annealing tempera 


bevond the arbitrary poimt defining a tube failure 


from this cause. Accordingly studies have been 
made towards corrective measures to be apphed 
field for affeeted Reheat 


treatment has been found to return strength to 


in the these tubes 


these tubes and so it was investigated for field 
appheation 

“The ideal appheation promt would be to apply 


worked out to be just too ditheult lo be pric tical 


the reheat technique to the tubes im place 


\ second method of reheat appheation, how 


ever, has worked out very well Phat is to re 
move the affected tube and use an electric resist 
ance heating with the tube acting as the eleetru 
FESISLATICE heating raises the tube temper 


ature to 2050 F plus or minus 20 Fo and works very 
well on single tubes 


Certain special problems arise, however, when 


than one tube is under treatment Phen, 
the expansion problems at the tube bends, the 
points of tube contact with adjacent tubes, the 


clamp and support) places makes uniform 


heating somewhat troublesome 

In general the electric resistance method cm 
plovs high amperage, low voltage v ith somethiny 
like 900 kva apphed tor 5 to 


temperature and for an additional o min tor 


nin te ramse matial 


my at Phe treated tube as then sub 
jected to a compressed air cooling 

Platens required a different approach. 
gas or o-fired industrial heating furnace wa 
developed, 6 ft wide, SO ft long, and the part 
to be treated are fed in ata feed rate of SO tt per 
Furnace conditions are held at 


for the tus 


ture is mereased from 2000 F to 2050 Phe treatment evele permits lo 
L. Menson, assistant chief engineer, Combustion nace conditions to stabilize and lo aan tor treat 
vinecrmg, [ne ment Phe feed mechanism as then reversed 
Phere have been a mumber of imstanees im ind the treated member removed to the open 
Which superheater tubing a the 1050 1100) Phe tubes cool quickly under thi tem and 
ranve have expenenced a swelling which carried results are excellent 
Discussion 


Mr. Shimshock, |detroit Ce 
What are the clleets on 
under the treatm 


weld pucel inl 
uppeorts of 
\Ienson desernbed 
Mr. Menson: 


change m weld area, for 


exiuuple, and im one imstanee where there was a 
HMeroscopy not within a weld before the treat 
ment thi prot isappeared and the weld) wa 


alter treatment 


Mr. Shimshock : 


about ductility 
Mr. Menson: 
PP-521-H condition ire attamed 


Mr. Bill Brown, [Detroit Edison Co 
We hear the term re 


Fora new irstallation what 4 


iotlable life, proper lite 


this meant to rep 


pore 
ent to all to 
Mr. Brister: 
Question hi been rawsed and the answer 


mdetinite life, provided adequate design 
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Mr. Menson: 


Phe time under high temperature condition 


it ellect example { per cent 
iter LOO,000 of service has been established a 
the Sou per cent creep alter 000) 
hr which as the hour equivalent to about jo veda 
Tea onable 
Mr. Hemenway : 

Superheater tube hhould the Tbe ot thre 
bowler 
Mr. Rohrig, Detroit: Iedison 

Phere are two facets to the Cornniuittee report 
of Soldan (die 4 thre ol 
C uncovered data to the part of the 
tube \re the 
civen details on the rapid cool or anneal 
cedure olution temperature Coll 
portant but at appears that tem of 
cooling is order Next hat about the tabr 

tol die ter be ! wel 

is he told preeautic to take se it to affect 


J. 

() 

\ 
! 

() 

() 
| 

hes 

| 

1 


Should he do 
manu 


the tube metalluryn il properties 


t Compal thle heat treatment as does the 


\ Mr. Soldan: 


ipply to a maternal hen 


it vores mto ultimate service 
\ Mr. Clark: 
\ i chamman of an Committee 
AST AL spee do not apply to the fabricator 
However, it appears reasonable that the fabri 
cator or the ultimate user will hold to the ASTM 


() Mr. Buchanan, [Duquesne Light & Power Co 
Whi smiple all around to 
cniploy the alter 


wouldn't at) be 


olution treatment fabrication 


mistead of before 
\ Mr. Soldan: 
Some materials go imto service directly with 
no fabrication and ASTM specs must cover this 


possibility 
\ Mr. Brister: 
Nii Levada 


itiny 


relerence includes studies 
on fabru elects 
was the conviction that re-annealing can restore 
metallurgical properties 


\ Mr. Menson: 


Cour firm 


paper 


and among the findings 


not forgotten the role of fabricat 
mgain this proble:n and has been investigating all 
labreating processes ind their effects 
() Dr. Freeman, University of Michigan 

have reference to grain 
icousideration in the solution of this prob 
eoms that Mr. Clark's convietion that 


such as to adequate 


heard considerable 
1/¢ i 
lem It 


assure 


miust be 


titanium products in the tubing are logical 


Perhaps, though, an understanding of micro 
tructures may provide the ultimate answer 
to Mr. Menson 


You attribute to the reheating method a unt 


form gram size which because of the member's 


mith service, and then reheat, to be free of gram 


\ Mr. Menson: 


We feel that itis the unmform conditions under 


which the 
cooling that produces this uniforinity in the grain 


reheating takes place plus the fast 


sizing of the treated pieces 
\ Mr. Kerr, Poledo Edison Co 
How long do we stand at Why 


L100 not 


explore metals for 1200 I? 


Mr. C. B. Campbell : 
I'd like to express an appreciation for the panel 


members contributions 


() Mr. Wm. Trumpler, Westinghouss 


Where do all the failures occur? on the inside 


or the outside of the tubes? at the bends, or 
ilong the straight parts? Possibly a statistical 
study of the points of failure may indicate an 


avenue of study. 

\ Mr. Soldan: 
Most failures occur on the external surfaces of 
the tubes Phey 
tudinal cracks which gradually 


show up as a series of longs 


lengthen as the 
tube swells 
fieance for the 


bends do coarsen, probably under the added strain 


Phere seems to be no special Sigil 
bends but the grain sizes at the 
at these pots 


\ Mr. Brister: 


The word failure has been used all along 
although most of the tubes have not actually 
failed to where they leaked Phe creep rate 


determined whether a failure existed or not 
Some of the failures were at attachments adjacent 
to welds or at lugs. We replaced these members 
since we felt this to be the less expensive way. 
\ Mr. Menson: 
Phat is right, there 
been failures in the 


have been very few rup 


tures. There have free cvlin 
der portion of the tubes and also failures at lugs 
and attachments because the fitting would not 
low expansion and hence the increase in stress 
caused the failure 
\ Mr. Soldan: 
Failures at 


Linited to Type 


lugs and attachments are not 
321 in superheater tubing. It 
piping. You 


circumferential 


has occurred on austenitu must 


low for expansion whereever 


added 


fittings are 


Translating Russian Magazines 


Engineers trving to read Russtan technical magazines 
lor tresh imformation have recerved new aid \ paper 
contiuming a concise vocabulary of terms and 
usetul expressions together with an explanation of, and 
pronunciation guide tor, the Russian alphabet, wall be 
pore ented at the Heat Transter Conterence of the ASALE 
the ATChI \ugust IN 21, Evanston, 


recoguize enough 


i Soviet technical 


Phe purpose is to enable engineers to 


words and phrases to discover whether 


irticle worth translating 

\Irs. Buekland, of the General Electric Company, 
ol the Russian 
Vocabulary tor Tleat 
ormmal Rus 


\lechameal Engineering’ article, 


Pranusier Literature, ability 


fo sean all han article 4 rapidly becoming 


in cnymeecrmy necessity because of world wide serentitic 
idvaneement \lany newer terms are the une im 
both languages, and aw oan engineer ws tanuhar with 
Russian letters, he can casily recogmze such words a 


cocthernt, anemometer and 
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Some Russian letter uch as A, O, M and T, are 
identical in both languages Others are modified 
English Phus, C-S and B-\ Still others come trom 
the Greek alphabet) P is the Greek “rho”, meaning Kh 


id Nis the Greek “chi, pronounced “kh 

Older Russian words meaning ‘water’, and 
heat and other basic terms, have strictly Russian 
pellings. Knowing English equivalents does not always 
any ol Words are i le Vocabu 
hel \l tl | luded tl bt 
lary list, along with common prepositions and useful 


expressions and verbs 


unst Fuel Clogging In 
original Russian by 


Phe artich Phe Fight Ag 
Bunkers’ translated trom the 
V. A 
was erroneously credited to one publication as its 
source and should have been credited to /:/e 


Stant 


Ferencko, Combustion Engineering, In 


May 
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Fig. 9—Photograph of typical test arrangement. 
(Photo of Fig. 7) 


Central stations and the large industrial power plants 
are well aware of the troubles and the dangers from 
furnace puffs and burner fires. Their ultimate solution 
can come only from fundamental study. Here is a 
report of one such study involving such items as 
performance of commercial exhausters, friction factors 
for pipe, flow characteristics, coal drifting and air 


flow measurements for coal-air mixtures. 


By R. C. Pattersoni 
Kreisinger Development Laboratory 


Combustion Engineering, Inc. 


Pulverized Coal Transport Through Pipes 


IRING ot 


steam generators has posed several proble mis to the 


pulverized coal progressively larger 
designer of pulverized coal handling systems over 
\lethods 


extrapolation of the 


the vears of firimg have changed, and simple 


transport techniques for relatively 


small units of > vears ago cither were not feasible or 


were uneconomical tor the large units and new. firing 


methods used today 
More than 
barked on what ha 


ten years ago the author's company em 
proven to be a continumy imvestiga 
tion of the problems inherent im and related to pulverized 


coal transport Much of the information developed has 


served as a guide in selection of equipment and designa 
tion of standards in our piping design Many of the 
more recent problems imvestigated were not clearly 


nized at the time the 


started, but became obvious as the work progressed 


defined and reeos program Was 


Some Typical Problems and Goals 


problems 


Pypical of the 


transport ire ( 


cneountered im 


coal pacity selection ol exhauster 


hne balancing when two or more transport pup ire used 


velocities to permiat line 


ZY Crosion 


in parallel; optimum transport 


balancing while t the same time 
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of the pipes; control of uniformuity of splittimg of prt 


mary air and pulverized fuel stream 
pipe 


and 


When one transport 


mstallation 


is divided into two or four or more separate 


actual measurement, im commercial 
id pulverized coal weight rates tor the 


parallel 


of air velocities 


nuxture flowing through idividual pipes ot 
arrangement 


With the 


swers to the 


yeneral objective of obtamuany practs i) can 


lorevomy problem 1 test program wa 


proposed and undertaken to obtam usable cnemecrmy 


Hlormation as tollow 


1) Pertormanes col reial exh mister hi 


uronly, and performance of the same exhauster handling 


a commercial range of muxtures of pulverized coal and 


2 Determination of pipmg trietion 
transport of mixtures of pulverized coal amd aa 

3) Development of methods or device for preven 
tion Of erosion ob transport pape particularly at bend 
or restriction 

| Development ol portable method r clevice 
for measuring coal and air flow 4 
contaming flowimy maxture 

) Development of methods or device hor pore 
cnting “drifting am tramsport pipes a rand te redu 

I) 
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CASING 
WE a | / 
XL ECTOR || \ / 
~~ WE GH \ CYCLONE 
NG COLLECTOR 
AN CASING rot} 44 
he 28 ~ 
: RETURN — "3 
| SCALE 
J 
AN WHEE FAN BLADE FOR FAN TEST 
Fig. 2—First arrangement for exhauster 
evaluation, above TWO-WAY J 
DISTRIBUTOR 


Fig. 1—Details of test exhauster 


Fig. 3—Second arrangement for vertical pipe 


EXHAUSTER 
£23 LOCATION OF PRESSURE TAPS 


and distributor friction losses, right 


tion of system pressure losses and maintenance of bal 


imeed flow im parallel piping systems 
Item 5 was not in the original agenda, but preliminary 
results for the third piping system imdicated the desir 


of investigating the phenomenon of “‘setthng 
out oor dritting 
\ll of the test full 


ive commercial equipment im order to msure that the 


work was to be undertaken on 


results would be directly applicable to existing and 


proposed systems Phe program initially was under 


taken at the company's Raymond Division in Chicago 
later 
velopment 


Phe equipment was moved to the 
Kremer 


COMMpPAany S Ww 


Laboratory im Chattanooga 


Description of Apparatus 


Ti the of the work, four variations of the baste 
exhauster design and seven tull scale piping arrangements 
tested Phe tests primarily 
tended to evaluate 


exhauster design 


COLES 


were exhauster were 
the effect of wheel diameter and blade 
shape on the pressure and capacity developed by 
the Modifications to manimnize 
Phe 


throughout the tests was a production model Raymond 
Diameter of the tan 


erosion also were studied exhauster used 


exhauster designated as typ. HOL 


inlet was 13) an. and the fan discharge was 12 in. square 


Inside width of the fan casing was 12 in. and wheel 


diameters were to speed normally was 


1750 rpm or slightly less Phis isa fan of rugged design 


used almost exelusively as a onnll exhauster on the 


smallest of our commercial pulverizers. Features of the 
basic exhauster arrangement are shown in Fig. | 


Pests of exhauster performance handling air only, o1 


sof pulverized coal and air, were mace 
Fig. 2 


in that standard clean 


mux ture 


with the arrangement shown im his arrange 


ment had considerable versatility 
air fan tests could be conducted merely by disconnecting 
the tan 
length of full mlet diameter pup shown in dotted outline 
on the sketch 
determined with the arrangement shown im solid outline 


inlet elbow and mounting the short horizontal 


Fan performance handling mixtures was 
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in Fig. 2. Essentially this arrangement consisted of the 
fan operating in a loop of 1O0-in. mixture riser pipe and 
l4-in. clean air return pipe with a 5-ft diam cyclone 
collector installed in the top of the loop. A weighing 
bin and platform scale were mounted directly under the 


evelone discharge spout to receive the coal discharge 
and determine weight rates of the pulverized coal 
separated from the air circulating in the loop After 


weighing, the pulverized coal could be dumped from the 
ISO0-Ib capacity weigh bin into a 3500-1b capacity stor 
age bin mounted directly underneath the weigh bin. 
Pulverized coal was fed into the system by a rotary 
table feeder mounted on the bottom of the 
bin. Coal discharged from this feeder by gravity and 
was sucked into the fan inlet elbow by negative pressure 
that location due to 
Air flow in the system was regulated 
return pipe 
feeder 160 Ib ot 
Feed rates were adjustable downward 


storage 


maimtamed at system operating 
characteristics 
by a butterfly damper the 


the Was approximately 


air 
Capacity of 
coal per min 
from that rate to as low as 20 Ib per min by means of 
The 


some of the 


a variable adjustable pulley drive coal 
feed capacity was more than 
later tests by addition of a second feeder in parallel 


The evelone collector, coal bins, weigh scale and coal 


speed 


doubled in 


feeders all were mounted on a specially designed steel 
30 ft high by S ft square. Necessary 
and aecess ladders were provided in the 


structure some 
work platforms 
structure 

Phe central 


coal bins 


later 
feeders were re 


structure, evclone or evelones im 


tests weigh seale, fan and 
tamed virtually unchanged in the subsequent testing ol 
other piping layouts. De velopment ol 


other arrangements was dictated largely by information 


several these 
determined in carher tests 

Only very limited friction loss information for vertical 
pipes could be determined from the arrangement shown 
the 
Pheretore 


arrangement of 
Fig. 4 


Iriction 


somewhat 
the arrangement 
better 
data and also to determine 


m Fig and 


shown in 
pup 


friction losses in horizontal 


Fig. 3 
iw. 


Was set up to obtain vertical loss 
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DISTRIBUTOR 
PLAN VIEW TWIN 
PLAN VIEW TWIN , CYCLONE 
fer 8 STD PIPt . 
4 
TD PIPE TWO-WAY As RE TURN \ 
DISTRIBUTOR % AIR PIPES : 
L > RETURN AIR PIPE 
be # the 
RETURN AIR, > DAME 
PIPES 6 ( COAL OAL 
EXHAUSTER-w J ELEVATION VIEW  EXHAUSTER ELEVATION VIEW 
LOGATION OF ACCESS HOLES LOCATION OF ACCESS HOLE 
ELEVATION VIEW &23_ LOCATION OF PRESSURE TAPS 2 LOCATION OF PRESSURE TAPS 
Fig. 4—Third arrangement, large !oop of ver- 
tical and horizontal pipe for pipe friction losses Fig. 5—Fourth arrangement, vertical and hori- Fig. 6—Fifth arrangement, double loop of 
Pp Pp g 9 Pp 


(12-in. pipe) 


pipes and bends. Later arrangements shown im Figs 


5, 6, 7 and S each were intended to supply somewhat 


specialized information on friction losses and coal 
drifting im horizontal and vertical piping with various 
combinations of long and short radius bends in both the 
horizontal and vertical planes 

\ photograph (Fig. 9) of one of the 


is included to give the reader a clearer concept of the size 


piping layouts 


and arrangement of equipment used in these tests 
Testing Procedures 


conducted msotar as was 
lest 
\ir flows were measured 


Iexhauster tests, per se, were 
possible ieccording to the Standard Fan 


pared by NABAL and \SHVE 


Cock pre 


traverses and code procedures 
\ calibrated oritice 


flow measurement 


by standard pitot 


during clean air test in the clean 


air return pipe was used for at 


during wmuxture test Fan motor Was tneasured 
carly tests Later the 
calibrated 


measured with 


power 


with an electric analyzer im 


measurements were made with a recording 


wattmeter Static pressures were 


aft x= 
YCLONE 
R 
DAMPER 
RETURN 
AIR PIPE 
PIPE 
A 
4 
EXHA EF 
ELEVATION VIEW 
CATION OF ACCESS HOLE 
ms | CATION OF PRESSURE TAPS 
Fig. 7—Sixth arrangement, horizontal 8-in. 


pipe with vertical 90 degree bends 
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zontal 12-in. pipe 


vertical and horizontal 8-in. pipe 


piezometer rings coupled with oil filled vertical or im 
needed \ll tap hole 
were carefully de-burred at the inside surtace of the pipe 
pup 


coal and air was not as 


clined dratt) gages as pressure 


Measurement of static pressures handling 


relatively dense muxtures of 
had been expected Crile 
located a the 


long periods ol 


troublesome as 


ring happened to be sume zone where 
remained 


When 


pressure taps did plug, they were easily cleared by back 


drifting occurred imside thie the rmgs 


clean and: operative for 


blowing with low pressure compressed air or lung power 


In general partially plugged prezometer 


that the 


Was 


rings yielded readings so obviously faulty 
diserepancies were easily noted mid Corrective 
taken at 
tests mi most causes 


\fter the need developed for determining the extent 


onee, clhininating the necessity for 


ind location of coal drifting in horizontal pipes, a smnaple 


dip stich used to make these measure 


procedure Wa 


Numerou in, NPP size holes were drilled 
md tapped along the top centerline of all horizontal 
| 
‘ 
4 
; 
1 
W 
<7 LOCATION OF PRESS 


Fig. 8—Seventh arrangement, horizontal 8-in 
pipe with one vertical 128 deg bend 
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Fig. 10—Exhauster characteristic curve handling Fig. 11—Fan performance, relation of static Fig. 12—Fan performance, relation of shaft 
air only head to weight coal added horsepower to weight coal added 
wid nearly horizoutal pipes. In many instances, these series of exhausters of this particular type was available 
recess holes were spaced one foot apart along the length =A typical set of characteristic curves for the exhauster 


of a horizontal pipe or bend im order to determuane 
drifting profiles within that) seetion ot pipe Deptt 
of drftime were made by imserting a 
wetted small diameter rod down ite the pipe through 
thie mall aces lieve until the end of the wetted rod 
touched the opposite wall of the pipe Particles ot 
drifted coal would cling to the wetted rod up to the depth 
of drifting after removal of the rod trom the pipe 
Phese measurements always were made after runs had 
been of sufficient duration to imsure equilibrium: con 
ditions imside the pipes. Coal teed and air flow were 
topped stmultancously and virtually instantaneously 
by suitable dampers before starting depth measure 
ment Lor holes were sealed when measurements 
were not bemye miact 

Phe method desertbed for measurement of dritting 
was used only in laboratory tests, and obviously would 
be of mo use for field) worl \ device useful for field 
measurements, based on absorption of gamma rays 
will be desertbed lates 

Wet and dry bulb temperatures were measured by 
cahbrated mereury gla thermometers when that 
recuracy was justified Sturdier Weston dial gage ther 
were used tor repetitive testing ilter system 
temperature characteristics were well defined Bare 
metre pressures were obtained trom a mercury barometer 
or trom the Weather Bureau 

With the exeeption of statie pressure readings al 
fected directly by drifting im the viemity of pressure 
taps. all data are considered to be well within the stand 


ids of good cngineermy practice Static pressure read 

ings affected by drifting are discussed separately 
Friction losses generally were obtamed miost consist 

ently from differential pressure in relatively long 


lengths of piping, 50 to LOO ft developed length. This 


was particularly true when testing with mixtures ind 


) 


it iS net surprising since and diam commercial 
teel pipe was used im the tests and such lengths repre 
ented Lod ratios m the range of 50 to 150 Relatively 
large Lod ratios provided sutherent length tor compensa 
tion of deceleration and acceleration eects of the coal 


pardeles in the air stream due to piping discontinurties 


Test Results 


Eexhauster performance with clean air was as expected 
since a considerable background of data tor a whole 


shown in Fig handling clean air in the test loop is 


shown in Fig. 10 These characteristics were selected 
with the exhauster operating in a loop, rather than in a 
free-blow test, in order to simplify comparisons with the 
exhauster handling mixtures in the loop. Only shght 
diterences existed between free-blow and loop tests 

Fypieal effects of variations in coal feed on exhauster 
performance are shown in Figs. 11 and 12. From these 
curves it is apparent that for any given fan air delivery 
the ce veloped static head and tan power consumption 
ire essentially direct straight line functions of the weight 
rate of coal flowing. Points for zero coal feed were 
taken from clean-air tests in the loop 

Study of the data, which are too voluminous tor pet 
tinent imelusion, indicates that the nearest approxima 


tion of horsepower output of a centrifugal fan handling 
a muxture ol pulverized coal and air may be obtamed 


from the following equation 


/ 


OOO) 


hyp 


where Il is the weight of the muxture being handled (in 
Ib mun) and / is de veloped head in feet (of the ea 
! on When mixtures were involved, calculation 
of horsepower output on any other basis gave obviously 
erroneous results 

\n explanation of the reason tor the diverging lines 
of static pressure with increased rate of coal feed, Fig 

requires that the pulverized coal and air moving 
through the fan be considered as a non-homogenous 
miaxture \t low rates of flow, when air, only, 1s handled 
by the fan, much of the kinetic energy in the air as tt 
leaves the fan blades is converted to static pressure 1m 
the seroll by a reduction m air velocity \s the flow ot 
ur through the fan 1s micreased, the conversion of ve 
locity to static pressure is decreased while the velocity 
is proportionately higher. With the addition of pul 
verized coal, the energy or inertia of the coal leaving the 
\t high rates of air flow 
the coal tends to act as a brake on the air in the seroll 


fan blades becomes a tactor 


and a resultant loss in static pressure is sustamed 1m 
mauntaming coal velocity through the seroll to the tan 
discharge \t low rates of air flow, the mertia of the 
coal leaving the fan blades tends to have the opposite 
effect, with the air acting as a brake on the coal and a 
resultant inerease im static pressure of the air is obtamed 
in reducing the coal velocity through the seroll Phe 
trend of total pressures follows the static pressure 
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Fig. 14—Pressure 
Fig. 13—Exhauster characteristic curves han- 
dling air-coal mixtures 


80 ft/sec. 


Phe foregoing data, replotted as fan 
this 
are shown in Fig 


curves for exhauster handling various 
lin order to give the reader a clearet 
conception of pulverized coal effect on fan performance 

As mentioned earher, several variations ot 
fan arrangement tested to evaluate the eect ot 
wheel diameter and blade protection on fan performance 
Other than blade 


there were no radical effects on fan performance noted 


2) Piping ction Lo Pipe 


were 


definite improvement in protection, 


12-In 


to determine 
lo the 
must be 


Friction factors for piping are dificult 
accurately even under relatively ideal conditions 
problems usually encountered such work 
added the complications of drifting m= horizontal pipes 
and acceleration and deceleration eects of coal parts les 
in the work reported here 
little control could 


to determine triction losses and friction tactors 


Since these were problems 


over which be exercised, it proved 


Necessary 
for relatively long lengths of piping, including bends 
Phis strictly empirical approach resulted in voluminous 


pressure loss and drifting data, and we will only attempt 


to present data ol 
Iirst 


general interest in this paper 


Considering the 12-in. diam piping arrangement 


characteristic 
muxtures, 


this basic 


4 
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NE 
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loss vs. air-coal ratio of 
sections CK and KR at mixture velocity of Fig. 
(12-in. pipe, reference Fig. 4) 


15—"'f’’ vs. mixture velocity of section 
KR (12-in. pipe, reference Fig. 4) 


KR has by far the higher pressure loss when a dense 
air-coal mixture is passed through the pipe This was 
true at all velocities tested, 40 to tps. One 


stands out clearly from these data, and that is that 


in a predominantly horizontal pipe suche as KR, the 
pressure loss increases rapidly if the air-coal ratio drops 


below 1.5 to 2.0. Air-coal ratio is defined as the weight 
ratio Ib-air Ib-coal flowing through the pipe im a unit 

Friction factors were calculated for sections 
KR and CR of Fig. 4 Phe friction factor used was 


taken from the equation 


vr 


P is the 
friction factor, 


loss 1s a dimensie 


in feet and the theoretical mixture 


where pressure 


d are the length and diameter 
velocity pressure 
in mches wy 


No attempt was made to determine trietion factors bor 


mdividual bends, but some general conclustous on the 
resistance of vertical and horizontal pape md bend 
will be made later 


of Fig. 4, reproducible pressure losses and related data Friction factors tor section CK were alfected very 
tor sections CK and KR of this set up were determined litthe by the air-coal ratio, but deereased gradually a : 
Pypical pressure loss data at a velocity of SO fps tor the velocity imereased from 10 to LOO tp \t 1O ty i 
id these sections are shown in Fig. 14 Phese two sections the air frietion factor for this section was about O.02 y 4 
of pipe are OO and 56 ft developed length respectively but it decreased to about at LOO tp With aa 
Phe difficulties encountered in obtaming reproducible ur-coal ratio of 1.0 (a very dense mixture m this worl 
pressure loss data with heavy mixture densities are clearly the tretion factor at JO tps was only 0.025, and at LOO 
ipparent from these data particularly for section KR Ip) it Was probably about Q.OIS although the data deo i 
1 Although the two sections have approximately the same not include that high a velocity for an air-eoal ratio ae 
length, and almost identical pressure losses handling — of 1.0 Phe spread of the pomts was not great enough 
air only, it can be seen trom these curves that seetion to warrant plotting friction factors for seetion CK 
at 7 
(9 Fig. 16—'"'f’’ vs. mixture velocity of section Fig. 17—"'f’’ vs. mixture velocity of section Fig. 18—"f” vs. mixture velocity of section 


CK (12-in. pipe, reference Fig. 4) 
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AC (12-in. pipe, reference Fig. 5) 


AH (8-in. pipe, reference Fig. 6) 


AIR AL RATK 
or 
7 
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t 


19—"'f"' vs. mixture velocity of sections 
AC, AC, AD, DF of 8-in. pipe at air-coal ratio 
of approximately 1.5 


Friction factors tor sections KR and CR are plotted 
in Pigs. 15 and 16. Here the influence of drifting on 
ipparent fmetion factors and line losses is quite pro 
ur-coal ratio 1s considerable 
\t JO tps and an air 


nounced Phe effect ol 
particularly at the lower velocities 
coal ratio of in section KR, the apparent triction fac 
toris 0.091, orover four times that for air Irregularity 
of the curves is due to drifting in the horizontal pipes 
Phe location and extent of drifting is mfluenced by 
velocity, air-coal ratio and piping arrangement as will 
be seen later Phe general trend of these curves seems 
definite enough to be acceptable Phe PLO 1S the 
bhaapne of the curves for air-coal ratios between 1.0 and 
velocitn 


eney for Imetion factors to be on the merease in that 


over 90 Ips Phere seems to be a tend 


region tor no obvious reason, but it as ditheult to say 
harp an merease would be tound if the curves 
could be extended Incheations are that the ftrietion 
luctor im section KR would be less than 0.035 at) 
fps at the Siilarly 
the tmetion factor m long section CR would be about 


just how 


ur-coal ratio was kept above 1.5 


0.025 under the same conditions 

Phe triction loss results tor the arrangement of Fig. 4 
were largely veriticd by the results for the arrangement 
inl big Increases of coal feeder and fan capacity 
made it possible for the test group to get more complete 
friction loss data im the high velocity, low air-coal ratio 
range than was possible in the earlier set-up. Fig. 17 
Shows the friction factors for section AC of Fig. 5. De 
veloped length of the section of pipe was Nb it These 


and can be 


curves are very simular to those of Fig 
labeled identical tor engineering purposes im the usual 


range of velocities and air-coal ratios Phe differences 


END OF HOR? BEN TART OF HORZ GEND 


ORRECTION OF FLOW 


th 
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Fig. 20—Vertical pipe friction factors (8-in. 
and 12-in. pipe) 


encountered at the low velocity of 10 fps are ol only 
academe interest since this is far below the operating 
velocities generally used. Such differences are indicative 
of the somewhat different drifting characteristics en 
countered in the two arrangements. In summary, a 
friction factor of 0.024 to O.026 for 12-in pipe seems 
justified in the usual operating range 

Shghtly lower air fraction factors were noted in the 
later series of runs, probably due to the polishing action 
of the coal on the inside of the pipe after months of use 


(3) Piping Friction Losse V-In. Pipe 

Phe arrangements shown in Figs. 6, 7 and S all were 
S-in. pipe. Pressure losses and friction factors for the 
pipe in these arrangements showed the same general 
trends as previously found for [2-1n. pipe. However 
the results were surprising in that air friction factors for 
S-in. pipe tended to be significantly lower than would be 
expected: from published data Similarly, mixture 
friction losses also were generally lower 

Fig. IS shows overall friction tactors for the larger 
loop of the piping arrangement of Fig. 6. Similar over 
all results were obtained tor the arrangements of Figs 
Fig. 19 is a condensation of friction factor 
results at about 1.5 air-coal ratio for relatively short 
sections of piping in Figs. 6, 7 and S each of which 
imclude horizontal and or vertical bends. The relatively 
high resistance of downward flow vertical bends and ot 
horizontal pipe immediately following downward flow 


vertical bends are apparent trom these curves 


Fig. 21—Representative longitudinal profiles 
of coal drifting in 12-in. pipe, left 


Fig. 22—Representative longitudinal profiles 
of coal drifting in 8-in. pipe, below 


END OF 90° HORZ BEND 
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Vertical pipe friction factors for upward flow are shown 
in Fig. 20. These curves are a composite of vertical 
pipe results from the S- and 12-in. piping arrangements. 
The low resistance of vertical pipes as compared to 
horizontal pipe is one of the significant results of this 
work and must be reckoned with by the designer. No 
available for downward flow in a_ vertical 
an arrangement our 
Phe expectation would be that down 


results are 


pipe since this 1s seldom used in 
modern designs. 
ward flow would have an even lower friction factor than 
the designer is usually concerned 


our major emphasis 


upward flow. Since 
with overall 
has been placed on interpretation of results for long 
This includes 
various positions. On that 
relatively 


system resistance 
lengths of piping in the various set-ups 


pipe 


resistance of 


bends in basis, 
individual 
are primarily of academic interest, and 


friction 


and 
bends and short 
lengths of pipe 
piping 
factors for long loops of these various piping arrange 
A friction factor of O.O17 to O.01S 


these conditions in 


design ot systems based on average 
ments is adequate 
for S-in. pipe seems justified under 


the usual operating range 


Drifting 


Distinet similarities were noted in the drifting patterns 


obtained in S- and 12-1n This proved to be a 
phenomenon which was directly related to velocity, air 


coal ratio and disturbances to flow in the pipe. How 


pipe. 


DRIFTING CHARACTERISTICS 


ID 
Depth 
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DISTANCI 


ever, it also appears from the data that 12-1. diam: pipe 
in multiple parallel circuits would be subject to less 
unbalancing of circuits and danger of line plugging than 
would S-in. pipe. piping arrangements 
were tested, it became evident that virtually 
ceivable disturbance to flow could produce drifting ma 
horizontal pipe downstream from the disturbance 

The effect of bends on drifting was of principal im 
disturbances en 


As successive 


any con 


terest since bends would be the only 
countered in horizontal portions of the piping arrange 
ments generally used. These data were of particular 
interest since the pulverized coal used in the tests was 
extremely fine by commercial standards due to continual 
re-use and attrition of the coal ‘charge’ in the system 
For purposes of interpretation of the data, the coal fine 
ness in all tests could be considered to be 99 per cent 
through 200 mesh and 90 per cent through 
(Tyler It would be impossible to run tests 
in a loop such as this with commercial pulverized coal 


A once-through system 


325 mesh 


scerecns). 


sizing due to continual attrition 
with 100 per cent makeup of freshly pulverized coal 


would be necessary a Very procedure lor 


tests on this scale 
Several checks were made during the course of the 
tests to determine the effect of addition of Coarser coal 


in sizable amounts Phis was carried to the pomt ol 


making check runs immediately after the addition ot 


oO to fo per cent raw slack coal to the bins except 
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Fig. 23—Representative cross-sectional 
files of coal drifting in 12-in. pipe 


pro- 


in the case of raw slack additions, there was no appre 
cnable cifect of coarser coal on pressure losses and drifting 
characteristy after the addition of 


lack, however, there noticeable imerease in 
ystem pressure losses 
that tended to be the 
usually disappeared within 50 


attributed to 


raw Was a 


and some increase im drifting 


following bends worst offenders 


Such effect mun to an 


hour, and could logieally be presence ol 


considerable extremely coarse to ne coal before 
it was broken down to smaller sizes by attrition 

Pable | shows the location, extent and severity of 
drifting in homzontal pipes tollowing the various types 
of bends used im the tests. Quite frankly we were sur 


prised by the severity of drifting im many imstances 


Which occurred the 
had 


yornel illy 


particularly drifting higher vel 


Considerable drifting been expected at 


the lower velocities which are not used 


il «tl 
horizontal 


longitudinal 


driftiny 


shown an Figs. 21 and 


patterns lor 


ections of ind Soin following a OO 


bend cre 2 


degree hornzontal 


These 
developed tor horizontal pipimg tollowimg all the 


patterns are typreal of scores of similar patterns 


bends 


tested They show an pretorial form the patterns of 
drifting tor only two of the many tests which have been 
broken down numbers in Table Complementing 
these longitudinal patterns are the cross-sectional pro 
files of drifting ce veloped for a 135 degree 12-1n. bend 
id tor the OO degree S-in. bend of Fig. 22 Phese eross 
ectional profiles are shown im Figs. 25 and 24 
Phese protile tovether with the data of Table I 
enable us to propose some rules regarding drifting im 
S- andl It seems sate to assume that the sume 
rules would apply to all pipe sizes im trom: Gam. to loan 
r 
a 
* 
a 
VV SPE 


Fig. 26—Average 


tube vs. average \ VP of special pitot tube 
in clean air 


Fig. 25—Sketch of special pitot tube 
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Fig. 24—Representative cross-sectional profiles 
of coal drifting in 8-in. pipe 
and variable air coal ratio 


For constant velocity 


1) Drifting moves closer to its “source” bend as 
air coal ratio increases 
2) The maximum depth ot 


constant regardless ol aw 


drifting relatively 


coal ratio 

3) Following bends of 90 degrees turn or less, the 
length or extent of drifting and total amount of drifted 
coal is fairly constant regardless of air coal ratio 
1) Following bends of greater turning radius than 


“) degrees, the length or extent of drifting the total 


amount of drifted coal tends to decrease substantially 
as air coal ratio mereases 

For constant air coal ratio and variable velocity 

1) Drifting moves closer to its “source’” bend as 
velocity decreases 

2 Maximum depth of drifting either remains 


constant or imereases slightly as velocity decreases 


3) The extent and total amount of drifted coal either 
is constant or inereases slightly as velocity decreases. 


On a eross-sectional area basis, the tendency toward 


drifting is so much greater in S-in. pipe than /2-in 


pray that some of the above general rules are dificult 
to visualize from Table I since nearly maximum amounts 
of drifting occurred in many tests, particularly after 


bends of more than 90 degrees turn By “maximum 
we meat) that im single pipe loops 
such as most ot tested 
with drifted coal due to the 


flow area 


of dritting 


those it was inpossible to plug 


the pipe velocity. increase 


which occurred in the tree remaining at any 


ocation were drifts accumulated. Such velocity increases 
iaturally prevented further accumulation of coal in drift- 
ing zones and made the system somewhat self regulating 

Such an 


advantage is not enjoved parallel pipe 
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\ VP of standard pitot Fig. 27—Center of pipe reading vs. average 


VP reading of standard and special pitot tube 
for various air-coal ratios 
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source. In such systems, 1 
drifting starts in a given pipe, 


until the pipe plugs, since increased resist 


systems fed from a single 


the phenomenon will 


“snowball 


ance in one pipe merely diverts air to other parallel 


circuits of lower resistance, thus reducing velocity still 
further in the affected pipe and making conditions worse 

Phe data are quite definite in showing that it 1s dith 
cult, perhaps impossible, to accumulate drifted coal to 
a depth of more than the pipe 
pipe. On the other hand we had numerous cases 


in Which coal drifted t depth of more than half the 


diameter imside a 


pipe diameter mside an S-1n. pipe it appears that, 
for multiple parallel cireuits, the larger pipe diameters 
would be considerably safer from the danger of excessive 
drifting and plugging than would small diameter pipe 
We little of the flow) patterns 
by coal particles and air in this 
ind undulating flow can be 
following The 
trifugal forces in secondary flow through elbows 1s prob 
ably the principal contributor to drifting, but gravity 
effects horizontal 
In anv ¢ shorter 


vertical distance through which to act in depositing coal 


assumed 


know very 


type ol transport 


Spiraling flow postulated 


certain bend patterns effect) of cen 


be neglected in long runs 


vent. such forces have a considerably 


in the “floor” of an S-in. pipe than in a pipe In 


cases of drifting to a depth of 4 in. inside a pipe the 
height through which a coal particle must 


ratio 
Ol 
lin favor of 12 
pup Phe height 
favorable to larger pipe diameters 


move to be deposited im a drift 1s 2 to 


I. pipe as compared to 


for setthng 1s alway 
Phe progressive cross-section il profiles invariably im 
a swirling tlow patter © the coal particle Ss within 
the pape This: 


we have made no attempt to evaluat 


dieate 
i complheating factor drifting which 
It is mteresting 
to note the consistent differences in cross-sectional profiles 


surlace im 


Such profiles tend to be concave 


pipe 


urface m= |2-1n 


for S- and 


it: the 
convex at thi 


tend to be 


Phe re 


whereas thes 


for this is not obvious to us 


Phe 
clue to the reason 
pipe than am 
to imeicate that coal 
heavier in the bottom half of the 
halt; that 
flow im the 
it 


observed differences in drifting may furnish 

for lower apparent frietion lactors 1m 
the 
loading im an San. pipe is 
pipe than im the 
coal 
pipe moa fairly 
the 


somewhat of a way 


San evidence Seem 


much 
top 


in fact, a majority of the irticles may 


lower portion of thie lense 


nsiderably lower velocity 


muxture 
may be im 
relatively litth 

Drifting and pressure los 


ir Stream flow 
from the 


data tor 


cnergy 
to keep it moving 
the two pipe size indicate this to be a distinct po sibility 
\Ithough the data of Table 
must be remembered that the loop 
obtam the 


set-up 


I may seem to give cause tor 


coneern, it that were 


mid tests 


tested were ead to 
with the 


het 


irraills 


number af and do 


represent comunercial installations m= themselve 


Phi 


made madieate 
thiat 


coal range 


that We have 
Fable I 


wd 


data 


study 


outs ‘Or shows inn the 


usual degrees turn, velocity down 


vertical bends are by far the 
However 


ward flow worst offender 


in causing objectionable  dritting down 


seldom, if ever, used except 


Hence the 


ward flow vertical bends are 


imunediately adjacent to burners horizon 


tal pipe in commerct il installation is too short to pernut 


significant drifting 
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Upward flow vertical bends in the range of 9O degrees 
turn are commonly used, but the data show no cause tor 
coneern in use of such bends since there seems to be no 
such 
pipe 


tendency toward appreciable drifting following 


bends regardless of how long a run of horizontal 


follows the bend 
that 
must be 


It appears bends in the horivontal 


those which planned more caurelully, 


horizontal bends of various degrees turn are commonly 
are followed by long 
ther 


horizontal 


and such bends frequently 
Fortunately 


used 
lengths of horizontal pipe 
than 
amount ol 


seldom 


is need for more a 9O degree turn im a 


Phe 


bend definitely 


bend drifting following a horizontal 


is influenced by the number of degree 


progressively greater a 
HICTeASes Phe 


bends of I2S to 


turn in the bend, growing 
the 
followimeg, 
is virtually prohibitive of their use 
5 to 2.0 air coal ratio \t 


of turning ina horizontal 


drifting 
tur 


amount ol 


degrees) turn 
horizontal 
even i the 70 to 
below 


1 


GO fps and | velocities 
70 fps use of such large degree 
bend could be catastrophic im causing 


the 


horizontal bends of 90 deyree 
only tolerable 


naintamed well above 


other hand 


drifting, any, when 


Ips 


turn or less cause 
and il coal 


higher 
able 


velocities are 


ratios are maimtamed in the range of of 
luterestingls 


to bends of turmmg 


limitations are 
It the 
followmy the 
bend ol KR door 
drittiny 


cnough, these 


radius R= od turning radius 
danget of drittiug bend 4 

Horizontal 
little 


velocite 


is reduced thie 


significantly reduced 


Ik | do show vers tendeney to 


downstream at normal with extremely 


low amr coal ratio Unfortunately 


hort 


dense tmuxtures 
this benefit ol 


at considerable penalty pore ure lo 


Very radius bends is accomplished 


compared to 


more gradual bends, so their use must be restricted: to 


special Causes oorder to conserve 


iutlable head thi 
all bends 


id amount ol 


Svstell 
afely used at the velocity 
mital 


iin 


In general 


ur coal ratio horiz pipe followimyg 
uch bends conforms to obvieu ile whieh mas 
Fable | though not an mitallible 
true that by a 


ipated by i 


be sereened trom 


rule, it was generally driltin 


viven bend would be di ecound bend dows 


rather than continue imte thie ccond bend 


lustrated am 


tream 


Phis wa many series of tests m which 


progressive movement ol Gownustream trom 


ined Wil 
nd 


i» bend (as velocity or air coal ratio wa 


tually chi ipated by movement mito the following be 


probe t tests, but under 


certam condition commercial tallation CrOSION 


problem Proublesomse rosion generally 4 


Cull 
linuted to bend md other device my Which a ce of 


countered \ 


will ne 
erally used pulverized coals of the [ 


direction or velocity 1s ¢1 yen il rule 


nited Sta 


Excessive of bend 


line velocities mi exce of GO tps are used Prevention 
hed 


Where pecnal "ee. 
take at \ 


IS Most easil 


below GO Ip 


of bend ere 
clocity Hees 


hal or unusual 


can be idequatel protected by use of cast 


teps hie 


re poles ible 
bolted thy 


| 

i} 
or ' iy 
blocks are elbows at suit 


wear and also redistribute the 
mv given installation 1s dictated 
to be pro 
blocks in 
two 


able lo to take the 
coal 

uch kicker 
boy the 


tected 


ition 
somewhat im the amr stream location of 
block i 
configuration bend 
ku ker 


showed that one of 


piping the 
Brief tests of the 
flow 


prope rly located block 


benetit. of 
downward ertical bends 
would prevent or reduce dritting 
for a considerable distance downstream from the bend 
benetit' to 
mained by climination of 


block 
in the 


it tie penalty or system pressure loss Pres 


ure lo rdvantage partial 


elhimimation of drifting by the was almost exactly 


olfset by mere ure los bend and mnmeds 


itely after the bend due to re-entrainment of coal in the 


i Phese tests were made with blocks or steps 


Pape 


pre 
elocits 


maintenance of ade 
ind ratw \t 
in the range of 70 to YO tps and aim 


best 


ventive 1 


ur-coal cle sign Ca 


coal 
latitude om 


ratios im the range 1.5 to 2.0) permit considerable 


piping hayeut 


that 
burners 


It as frequently the ¢ layouts 


iigle pulverizer will feed tour or 


piping 
pal ite 


In order to minimize the possibility of line plugging a 


fires omidividual poy of such parallel systems, if 


iry to balances the flow im these 


by 


orifices in the shorter lines which have the least 


had 


exhauster tan 


venerally been done by running 


flow 


making the 
pipes 

through the limes 
ulded to the 


ind HeCeSSUry 
betore 


Orifices of the 


measurements imdividual ittempting 


necessary line 
only 
ed help us to determune expected 
handling 
inee line losse 


losse 


Phe two most useful tool 


proper ive then care 
equal flow aon all the 
le chata ilre ily 


tunes 


lines with Irniction 


line rest when muxtures as a guide in 


oriice selection with air are somewhat 


chiiferent than with muxture 
for balancing studies im the 
isure air flow only 


field would be mstruments that (1) me 


(2) 
condition Ideally these 


coal and ur, 


struments 


it transporting a tuxture ol 


coal flow under the 
should ln 


hould introduce no sigmiti 


only imside a 


hehtweight and portable, and 


SPANDARIDD A? 
POR 


cant resistance into the pipe under study. In the course 
of this experimental work we succeeded in developing 
an instrument the first 
flow measurement independent of the presence of coal 
measurement 


meeting requirement for air 
successtul in 
which would allow 
A standard pitot 


To date we have not been 
either of coal flow, or of total flow 
us to determine coal by difference 
tube or impact tube, with various types of continuous 
or intermittent air-purge devices attached, enables the 
investigator to make reasonably accurate total measure- 
but the troublesome 


to be considered practical 


ments; method is too erratic and 


However, for balancing purposes, the air flow meas 


uring device alone is useful. It is a pitot-tube type 


device, as shown in Fig. 25, which can be inserted 
through aspirating sampling connections in the trans 
port pipe. In operation, the device measures the pres 
sure differential flat 


broadside into the stream of flowing mixture 


which 

The 
sure relatively large in diameter in contrast 
to thie holes drilled into the tubes This 
vives considerable dust storage capacity lor any partie les 


across a small plate haces 
pres 
tubes are 

Static pressure 
that happen to find their way through the small pressure 
taps. Both upstream and downstream taps face toward 


the plate and are relatively close to the plate to minimize 


possibility of fine particles getting into the small pres 


Phe distance between pressure taps and plate 
trial 


sure taps 


1S for the imstrument coetlicirent By ind 
found that ibout 1.0 was possible 
for this device In had 
the same coeflicient as a standard pitot tube in air flow 


called 


purpose Ss 


error We i coethorent of 


other words the device ibout 


measurement, and the reading could be true air 


velocity pressure to all imtents ind This ts 


shown in the calibrations plotted in Figs. 26 and 27 


When this device was inserted in pipes containing flow 


ing mixtures of known velocity and mixture density 


we found that its reading was essentially unchanged by 
of coal over the range of mixture densities 
other 


flowing muxture 1S 


the presence 


ordinarily encountered In words it) imdicated 


only air flow in a shown 101 


lable 2 
Numerous unsuccesstul devices had been tried betore 


this air measuring device was obtamed. Similarly 


numerous unsuccessful coal measuring devices have been 


SPECIAL PIPOT AT VARIOUS AIR-COAL RATI 
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tested. The list is too long for discussion in this paper. 
However, one device for coal flow measurement, which 
we tested without success, was based on absorption of 
gamma rays passed through the pipe wall. Although 
this device was unsuccessful for its originally imtended 
usage, we found that we could adapt it to an entirely 
different problem, and use the adaptation to measure 
coal drifting in operating fuel pipes. 

As mentioned earlier, we found that surprisingly 
large amounts of drifted coal could accumulate at vari 
ous locations in a piping system under the proper con 
ditions. The laboratory “‘dip-stick”” method of locating 
and measuring such accumulations can be used con 
veniently only on a laboratory set-up which can be 
stopped and started at will. Its use is out of the ques 
tion for a commercial system 

Phe gamma ray absorption device proved useful not 
only in laboratory work but in field work It 1s shown 
in Fig. 2S, and consisted of a “U-shaped bracket with 
a long handle attached at the base of the U \ 20 milli 
curie cobalt-G0 capsule is attached to one leg of the U 
and a Geiger-Mueller tube is attached to the other leg 
of the | Phe cobalt-GO source and the gamma ray 
detection tube are so-oriented that when the [ bracket 
is held so that it straddles a horizontal fuel pipe, the 
source and tube are aligned on Opposite sides of the pipe 
ind on the vertical centerline of the pipe cross section 
Phe gamma rays from the cobalt-60 source pass through 
the wall of the pipe twice and also pass through any 
coal accumulation in the bottom of the pipe as well 
is through the air coal mixture flowing in the pipe 
\ constant portion ol the gamma rays are absorbed by 
the pipe wall Phe relatively thin flowing nuxture ab 


sorbs a neghlgible amount of radiation Pheretore, a 


constant “zero reading’ on the count rate meter 1s ob 
tained when straddling a pipe in which no dritting occurs 
Phis ‘zero reading’ is progressively reduced, by mereased 
absorption of gamma rays, as substantial depths ol 
drifted coal accumulate in the pipe \ calibration ot 
the instrument for a given setup is shown in’ Fig 
2Y \ different calibration would be required for any 
change in the setup. The relatively crude apparatus 
that we used ind have deseribed, was sensitive to a 
numimum coal depth ot in. and was accurate to about 

11] Phis sensitivity and accuracy could be in 


proved many-lold by use of more sensitive detection 
devices such as expensive coimeidence semtillation coun 
ters coupled with refined collimating devices md a 
photomultipher tube, i the necessity for such refine 
ment arose We did not require great accuracy im this 


measurement for our work 


Fig. 28—Sketch of gamma ray measuring device 
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This device proved useful as a field tool in some corree 
tive work on fuel pipes which we undertook several 
years ago on a group of four identical large utility boilers 
which operated on the bin system Phe design was 
unusual in that the air supplied to 12 fuel pipes operating 
in parallel came trom a single primary air plenum 
This is an extremely large number of parallel circuits 
to be fed from a single source. Mixing of pulverized 
coal and air was accomplished separately im cach pipe 
by 12) venturi-type aspirating mixers located just 
downstream from the plenum. Several of the pipes 
had long horizontal runs immediately downstream trom 
the mixers. Pairs of pipes were of substantially dit 
ferent total developed length and ineluded various lengths 


or horizontal pipe. The arrangement proved to be very 
sensitive to velocity and air-coal ratio and was ditheult 
to balance in the usual fuel pipe velocity range. Cheeks 


with the gamma ray drifting madicator revealed the lo 
cation and extent of drifting which occurred im some ol 
the pipes under certain conditions. These findings im 
cheated the major source ol trouble to be m the origin il 
orientation of the venturi mixers (with their axes vertical) 
followed by a downsweep ell ito a horizontal run 
Phe mixers were reoriented with their axes horizontal 
the bends were eliminated, drifting alleviated and balan 


Wig Was ssible 
Conclusions 


Phe above report covers many factors and the conch 
sions from some such as the flow characteristic data on 
pulverized coal-air mixtures ts largely empire than mature 
since the work was aimed at solution of specific problem 
with no published imformation available for comparison 
purposes. Helpful material has been jurmished tor those 
who follow these investigations the areas of radial 
blade fan performance, Irietion factors Lor representative 
arrangements of S- and diam pipe, dritting charac 
teristics of pulverized coal; also im several different pry 
arrangements \n air flow measurmge deviee and 


drifting indicator have been developed 
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Fig. 29—Curve showing count rate meter reading vs. coal depth 
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Abstracts from the Technical Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin 
International Combustion, Ltd., London, W.C. 1) 


Water-Side Corrosion and Water 
Treatment 


Demineralizing Systems. |) \ 
krotzvka 102 lel 


\ exter ww 1 resented 
the im ten material ised 
revenerutial len ind lant i! 
talled im conventional ind nucle 


ver Stutior 
Evaporator or Demineralizer—Which 
Is Best? Partridge and 


\ esul 
! ru ind) demuneralse 
th a total lid 
ent re that 
rest It 1 ed i tin 
e actual re ire 
‘ 1 lead that 
rly designed evaporators ean compl 
i ella demu eraliz 


Ammonia and Hydrazine for High 
Boilers | 


Pressure 


\ Ki i! i | 
its the | lie 
‘ iter ent ‘ rl 

e fe ite 

vat rial reel I 

‘ il ly ie re 

talled role ! 
il lt i i 

‘ | eu | hha ly 

1 idded il ‘ 1 il t 

the ov eu ‘ clin 


Diet for Boiler Allergies Whi 


Phe r chemin comditionimn 
ire al ussed in general t ancl the 
incl disadvat ‘ the 
‘ rdinated ph control 


method in particular relation t 


design ind’ operation It 1 
recommended mamtan a pil ot 
te OS and toe feed tick 


direct] to the boiler to mamtam a 
concentration ol Hydra 
ine has been useful revent cor 

| di Ived oe | ind il 
mona and amines to prevent corrostet 


in the condensate and prebotler evel 


in both cases it ws beheved that further 
‘ucies are nece il try be ure that 


neo Aitherults irise from their use 


Means and Method of Treating 
Water. United Kingdom Atomic 


ery \uthorit P.A.] White and 
AL Smal [3) Patent 
‘nd March 

Water conta I rad 
tertal is dee tamimated by adding t 
he i preetpitate trom tannin 
indo this 1 1 
under alkaline « diti pli s ' 
1 hit Ferrie chloride ind 

itl phate Mla 
thie ite \iter Liv 
the water and preennatate are 
setthy the effluent wate 

hen ill ich 


Gas-Side Corrosion and Deposits 


Fouling of Heating Surfaces in Steam 
Generators. Part I. Composition, 
Physical Behavior and Hardening of 


Furnace Dust. kK Wickert BIVA 
10 (Jar Tn ” 

vere carned ut 
lontical one-pass Br 

ind it] Irv botten 
ul Although ( the re 
ult ir i] r the irticular 
expermmental ther ire 
enerall ipplreable cl the 1 
ubstanes 
harden coal ash as a function 
temperature and morgane additior 
the uptake and Ihberation of SO 
and magnesiu rele ine 
thi rination il 
calerum rom thet xides 1 
thie resence () ind 
hie inal yse the ¢ il ish, dust 
u pend dou cle il 
ind () ind SO} content i the 
ir tabulated hie 
fouling are discussed on the basi 
the variu phveteal and chemical 
proce 


Effect of Temperature Variation on 
Composition Fouling Tendency and 
Corrosiveness of Combustion Gas 
From a Pulverized-Fuel-Fired Steam 


Generator. |. 1). Piper and H. Var 


Vhiet A.S.M.f 


1957 (Dec pp 


Preprint A 2581 


Metal condensers cooled to selected 
temperatures between S7 and 242 | 
were place dinto the flue gas stream of 
a pulverized coal-fired boner The 
amount and nature of substances 
deposited on the condensers and the 
Various ma 

Chlorides 


were found to deposit at unsuspected] 


corrosion resistance ol 
terials were determined 
high temperatures and concentrations 
Corrosion rates increased markedly as 
the water dew point was reached 
From authors abstract 
Sulfuric Acid Corrosion in Oil-Fired 
Boilers. Studies in Sulfur Trioxide 
Formation. |) k Anderson and 
P.  Manlih 1S. ME Preprint 
97-A-199 1957 (Dee 12 pp 
Studies were conducted on a pilot 
seale boiler tired with distillate ol t 
which nthetic compounds wer 
added and the content of SOs im the 
flue gas measured by the corrost 
and sulphate deposition on steel 
ntrolled 
temperature The results show that 
In an aimtially clean boiler the 


pecimen maintamed at a « 


amount of SQ, formed in the thame 
furnace ind convection ection 4 
about equal, bemey formed im the 


economizer air heater zone thie 
effect of ash compounds on low tem 


perature corrosion is partly imbibitin 


SO. formatior ind 
inereasin it b catalyvtr retion 
nickel, tron, sodium or vanadium 
in the ol reduce corrosion arent 
contaimme dey its mecrease Cort Wor 
| catalvtie action ») muxtures ol 
odium and inadium in the orl de 
crease corrosion but therm presence 
SO) formats ind ith imereasing 
dey t tor he ¢ ilvtic effect 
utwerghs the reduces effect 


Fuel Ash Attack on Aluminum-Coated 
Stainless Steel. |. | 
19S, 14 (Jan 


Srawle ( 


Phe studies of attack of residual o1l 
constituent on tluminum coated 
taimle teel have hown 
that thi 1 t 1 re resi int tha 
uncoated tee] Haile have 


contirmed the tindins 


Flue Gas, Ash and Dust 


Principles of Gas Cleaning. k. \ 
Klemschmidt tS. Preprint 


hie on which the cles 


tion of gas cleaning apparatus should 
be based and the method ivatlabl 
are set out First the range of vari 
able type, concentration and size ot 
Wupurities, properties of gas) and then 


the methods (electrostatic, magnetu 


vravitational, mechanical, mmertial) are 
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water treatment i considered 
the lieht of expertenes cn the 
nense Liroht ¢ plant 
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considered and finally energy con 
sumption 


Power Generation and Power Plant 


Progress with the Coal-Fired Gas 
Turbine. P. R. Broadley and W. M 
Mever. Steam [:ngr. 1958S, 27 (Feb.), 
150-3 

A summary is given of the improve 
ments and modifications made on the 
American coal-fired gas turbine in 
tended for use in locomotives These 
relate to the pulverizer, pumps, com 
bustor and fly ash separator rhe 
results of tests during 1100 hr of 
operation in 1957 suggest that the 
development has reached a_ point 
where such a unit could be tried out in 
a locomotive 


Recent Experience with Dry-Bottom 
Furnaces for Bituminous Coals and 
Reasons for the Application of This 
Type of Furnace. [:. Stange Witt 
No. 5) 1957 (Dec 15-12 
In Grerma 

In regions distant from the coal 
fields higher quality inland (Ruhr) 
and imported (mainly American) coals 
are used which have a low mossture 
and ash content and can thus be 


burnt with high efficiency dry 
bottom furnace Considerable im 
provements uch as multiple-circle 
tanvential firing, better distribution 


of the coal from the mill to the 
burners by mean f a special dis 
tributor, reduction of the air passed 
to the mill to 13-17 per cent of the 
total air volume, moditied classifier 


design and reduction of excess air to 
per cent have made possible 
month iverave thermal efficiencies 
of Who to OL per cent Combustion 
condition ire indicated by contin 
uous! unpling the tly ash separated 
in the electrostatic precipitates ind 
determining the combustible content 
Fouling of the furnace, radiant and 
convection surfaces | occurred but 
the dey it proved easil removable 
ind ne soot blower vere required 
\ recentl imstalled Benson boiler 
rated at klb hoa post ind 
F ha in octagonal furnace 
chamber but juare radiation part 
with meander like horizontal tube 
bundle \ similar boiler is on order 
for kib h and 975 
Phese boilers are not more expenst 
than lay tap ol the 
capacit Lhe ivatlabalit ol thie 
boilers of the Hamburg power 
tation Wal per cent durin 
G55 1956 Phe boiler control utilize 
the storage capacit f the mulls te 
ood effect \ large part of the {] 


brick, cement 


ash is utilizes 


ete., produectior 
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Insure safe, continuous 
boiler operation with 


Reliance 
Water Columns 


To 450 psi 


The Reliance Gauge Column Co. 


5902 Carnegie Avenue, Cleveland 3, Ohio 


Water columns have been around for 
a long time — ever since Reliance in- 
troduced the first one in 1884. Its chief 
reason for existence then was to carry 
the float-operated whistle alarm and 
mechanism, to warn operators of dan- 
gerously low water in the boiler. Since 
then, the water column has been de- 
veloped in various styles and capaci- 
ties to meet any power plant need. 
They are used on most boilers today 
as an accepted necessity, although 
many old time engineers — and thou- 
sands of young ones — can’t explain 
their full usefulness. If you'd like to 
know “why a water column”, write 
for free copy of our Liquid Level 
Letter No. 11. 

Reliance makes Water Columns in 
seven pressure categories, five of which 
are represented below. And compicte 
“trim” cocks, gage valves, gage 
inserts, special gages and direct-to- 
drum assemblies. Write for informa- 
tion on equipment suited to your 
working pressure. To 2500 psi 


The name Thal introduced safely walie columnd 15354 


Reliance 
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To 1100 psi tu 
| 
250 psi : 4 a 
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Continued on b 6l | 


of progress 
in centrifugal f fans 


COMBUSTION AIR HIGH PRESSURE AIR 
FULL RANGE FOR FOR PRESSURIZED | PRIMARY 


APPLICATION CONVENTIONAL BOILERS FURNACE BOILERS AIR 
Series 4000 Series 2900 Series 2100 

Volumes (cfm) 10,000 to 700,000 25,000 to 350,000 6.000 to 50,000 

Pressures (”H0) Up to 45” 45” to 90” Up to 65” 


Westinghouse Airfoil* blading offers .. . 


Lowest Operating Cost 


Call your nearest Sturtevant Division Sales Engi- 
Highest mechanical efficiency ever: over 92% 


neer, or write Westinghouse Electric Corporation, 
Quieter Operation Dept. G-19, Hyde Park, Boston 36, Massachusetts. 
Perceptibly quieter in actual operation 
Stable Pressure 

Ideally suited to single and parallel operation. 

--? 


you can BE SURE...1F iTS 


Non-Overloading Power Feature s 
True self-limiting horsepower characteristic. 


Optimum Performance 


Sized for specific customer requirements CSTIN oh OUSC 
Inlet Air Spin Control 
flicient at part loads. Saves power, saves dollars. 
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The Gebersdorf II Steam Power stalled in the secondary air nozzles 

Station of the Power Supply Franken and able to generate up to 50 per cent 

A.G. F. Stiepel. /nergie 1958, 10 of the maximum load; it is hoped 

Jan.), 1-8 Germa) that combined firing of oil and coal 
Phe power station contains at will avoid corrosion, especially of the 

present three 50 MW = units with a austenitic superheater, “The plant was 

fourth OO NIW unit still ain the erected within 2! vears and started 

planning stage Each of the three operation in Mareh 1957; operational 

natural circulation boilers is) rated experience 1s not vet available 

at $70 h, at 1950 psi and 

with reheat to G40) F Phe boilers The High Pressure Power Station 

are equipped with pulverized coal of the Phoenix-Rheinrohr A.G., Ruhr- ; 

firing corner burners and an auniliary ort. W. Wittwer and W. Kruger 

traveling -vrate stoker to be able to 1958, 10 (Feb.), 58-67 (lin 

operate at very low loads: the stoke German.) 

alone can supply up to 4 MW, the The main consideration in the 


burners from upwards with planning of the new power station 


. their ignition supported by stoker was the most economic utilization of 
firing, the range between 4 and S the $5 mil cu ft hr of blast: furnace 
MW is unstable but can generally be gas from the eleven blast) furnace: 
avoided by proper load distribution and the supply of power to these bh 
Phe tly ash was first added in sand furnaces, the steel works and rolling & 
wich form to the coal on the stoker mills Ihe size of the units wa fe 
but combustibles in the ash from the therefore chosen so that each could i 
Stoker were excessive it was then 


supply the works load (30 MW) and 


added in the mill but caused « XCEOSSIVE at least part of the avreed amount to 


wear, the tly ash is now added in the the grid and that at full load all the 
burners though onl at full load blast furnace offered would be con 
operation ind the liquid slay running sumed Each of the two turbovenera 
down the furnace walls falls on to the tors is rated at 64 MW. each buoile 
Stoker and is removed by it: without one Benson, one Sulzer) at 70 kIb h COMBUSTION AIR FOR 
The bedler Tor the 100 at 1600 psi_and 986977 At full G@QNVENTIONAL BOILERS 
MW unit will have a furnace load each boiler consume 
in Which the fly ash from the othe cu ft) gas per hour or a mixture of Consolidated Edison 
three boilers can be converted to sla; Gi) pex 40 ner coal Ohio Valley Electric Corp, 
Starting from cold is p ible within Che Duke Power Co. a 


burning out of the coal is not 
Duquesne Light Co. 


Pennsylvania Electric Corp. 
Tennessee Valley Authority 
Philadelphia Electric Co. 
Commonwealth Edison 
Dayton Power & Light 
Cleveland Electric 
Illuminating Co. 


me hour, from banking within twent 


itisitactory im either bottler becatuse 
The thermal efherens ol the combustion air as imsufficrent and 
the boilers ts 92043 per cent at full the radiation from the blast furnace 
load amd the net heat rate of the as very low Po avoid dust) nut 
cance the neighborhood of the 
TI station the coal is pulverized at the 
ne Hamburg-Neuhof 80 MW Unit 

Power Station with a Superheated 


Steam Temperature of 605 C. II 


works and transported pneumaticall 
over a pipeline of three quarter mile 


Beverlein. BIWK 1958, 10 (Feb length to the boilerhouse bunkers HIGH-PRESSURE AIR 
The furnace of the Benson botler FOR PRESSURIZED 


contains three groups of four xa FURNACE BOILERS 


Phe considerations underlying the burners in each wall and four corner 


selection of size and arrangement of burners for the coal at the same height Ohio Power Co. , ei 
the unit, of the pressure and tempera United Illuminating Co. 
ture of the superheated and reheated Detroit Edison Co. 
steam f the seven feed heatin, Appalachian Electric & | ower Co. 
stages, of the siting of auxiliary equip the wax Indiana & Michigan Hlectric Co. 
ment and of the steels to be used each furnace is an auxiliar lagging Atlantic City Electric Co. 
ire, out aim full. The Benson Missouri ublic Service 
boiler contains an octagonal dt Memphis Light & Power Co 
bottom furnace with aradiant primar thee Yeckoulated dah PRIMARY AIR 
lerritue superheater in the upper part complete conversion into: sla; 

the und econdat feed water 1 treated in t caution Edis 

; tustemtic superheater in the conve amon and mixed bed demineralizes Toled 

450 hy at 2700 psi and 1120 irginia Hlectric & ower 
with reheat to 9% F, the turbine i ind 10.300 Btu kWh in continuo Delaware Power & Light : 
rated at 65 Sl MW and the calculated Public Service Electric & Gas 
net heat rate of the unit is YOOO Btu 

turbovenerator was per cent 
kWh Four So t homills supply the amd canted 4 
corner burner oa distributor, the you caw SURE...1F 17s 
burners being arranged in four vertical 
rows and tour burners in each hort VYCSTI 
zontal plane burner are Continued on p. 63 , 
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Successful ClaRite Filters 


are adopted by 


Supercritical Installations ULTRA-PURE FEEDWATER 


PROVES ECONOMICAL— 
WHERE IMPURITIES 

ARE MEASURED IN j 
PARTS PER BILLION | 


Due to the excellent results obtained from 
ClaRite filters at the Ohio Power Company's 
Philo plant, Croll-Reynolds Engineering is 

now supplying other supercritical installations 
where high efficiency is required 

operating procedure 


Experience has proved that when ClaRite 
pre-filtration apparatus is installed with 
demineralization equipment, plant 
operations at high pressures and 
temperatures reach previously 
unattained results. 


ClaRite filters, using cellulose precoat media 
to protect the demineralizer equipment 

from fouling by Iron Oxide, actually reduce 
the iron content of the condensate to 1 ppb! 


This efficiency is equally noteworthy for 
subcritical, turbine operated boiler 
installations where maintenance costs are 
high and loss of power extravagant 


Croll-Reynolds has pilot plant scale 


equipment available for all types of pressure 
clarification problems. We also offer the 
services of a competent engineering staff 


For further information ca// or write: 


CROLL-REYNOLDS ENGINEERING CO., INC. 


17 John Street, New York 38, New York 
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Portland Station Features Combina- 
tion of Latest Designs. |. G. Miller 
and R. H. Kretsinger Combustion 
1958, 29 (Jan 

Portland station 1s of semi-outdoor 
design and the first unit consists of 
i CE-Sulzer monotube boiler rated at 
1150 h, 2610 pst and L060) LOGO F 
ind a close coupled cross-compound 
axial flow turbine and generator rated 
it 150) 165 MW Phe boiler has two 


separate water and steam circuits and 


consequent! two water separators 
ind also one by-pa eparator and 
four stages of superheating, two ol 
which are of the radiant typ Ihe 
furnace is equipped with sixteen 


tangentially firing tilting burners and 


dry ash bottom Feed water thow and 


combustion controls, water treatment 


ind control, boler pumy feed water 
heaters, coal and ash handling plant 
turbine ind condenset are fully 


eribed 


The Rheinhafen Power Station at 
Karlsruhe. \W. Leitner and G. Erle 
BIVA 10 (Feb OS 7h 

Phis power station has been built 


to operate Im conjunction with 


tions and wall, therefore, at times of 
high water level be pped entire] 
ind at times of low water I el oper ite 
it full capacity day and night to pumy 
water back storage It contam 
it present tw unit ne copmsistin 


Pa Benson boiler rated at 420 


F and a rhovenerator 
thi cond of an identical boiler and a 
MIW turboven Both borer 
ire al le equipped 
vith a lea Because 
mediate kert lveried il 
tiie i ( upped ith 
direct mmject Phe coal 
pulverized nd mil 
ul lie the prolate 
destun in thre he furnace 
the secondar iperheater partly radi 
int and pur ‘ thre 
rom the urnace comvection 
thi Clie Hed in the 
convect ! i stron ay 
1 heated i trom ind i 
tubular air preheater \ third unit ot 
desten but tor MIW and a 
team) pressure of under 


construction 


Delayed Coke Cuts Generation Fuel 


Costs. J. M. MeGurn / World 

Yorktown station Virgimia Ele 
tric and Power Compar 1 ituated 
next toarefinery trom whichat obtam 
delaved coke thie end produet l 
petroleum refining urplus refines 
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Successfully operating for over a year in the revolutionary new 


Uni 6 of the Philo Plant of Ohio Power Co., this Croll Reynolds 


ClaRite feedwater 


fileer using SOLKA-FPLOC filter aid has fully 


borne out its extensive pilot test predictions, 


In feedwater purification— 
iron oxide cut from 200 to 1 ppb 


with SOLKA-FLOC Filter Aid 


The problem: Purifying teedwater 
condensate in the first commercial 
super-critical pressure steam generat 
ing plant. 

The solution: Pre-filtration of the 
demineralizer intluent to prevent 
rapid fouling caused by minimum 
amounts of suspended iron oxide. Ex 
tensive pilot tests proved that a filter 
station using SOLKA-FLoc, followed 
by a cation resin bed, cut feedwater 
iron oxide from up to 200 parts to one 
part per billion. 

Whether your field is water purifi 
cation, or whether it is heavy chemi 
cals, food processing, pharmaceuticals, 
chromatography, beverages, textiles. 
plastics, stream pollution, or a lons 


list of others, you can benefit: from 
this versatile filter aid 

SOLKA-FLOG 1s economical, highly 
purified, finely divided cellulose. He 
sides improving filtration rates, it 
ke Cps screcns ¢ leaner, saves downtime 
gives you more cconomical volume of 
clarihed filtrate with minimums reten 
tion of filtrate in the cake 

Added advantages: It makes a stable 
pre-coat, does not bleed, prevents loss 
of cake from pressure drops, does not 
abrade pumps and valves. And SOLKA 
ioc adsorbs many metals such as 
iron, Copper, other impurities 

Write us about your specific filtra 
tion problems. Address Dept. YE, out 
Boston office. 


BROWN COMPANY 


General Sales Office 150 Causeway Street. Boston 14, Mass. Ma/ 


Sold in Canada by Brown Forest Products 


Berlin and Gorham, 


Montreal, Que ALPHA 
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as and water Ihe coke is dramed tube banks has been enlarged; the 
ind air dried before being transported furnace exit temperature is held below 
to the bunkers and separately weighed 1150 FE Phe regenerative air pre 
before being mixed with the coal in heater is protected against corrosion 
the pulverizer Feeder control allow by a Steam-air preheater maimtaiming 
the mixing percentage to be altered cold end temperature above 245 I 
but this is usually 50:50 The two Coal and coke are pulverized in Ray 
reheat boilers are each rated at [200 mond mills to a tineness ol over SO 
h 1000 psi and L000 I: per cent through 200) mesh With 
ind supply two 150 MW turbogenera coal alone the rated superheated and 
tw Because of the high sulfur and reheated steam temperatures could 
inadium content of the coke the not be obtained, but with 50 per cent 
furnace heat release is 10) per cent coke the temperature of the super 
lower than usual and the paciny heated steam rose sharply Po obtain 
wtwee! uperheater and reheater the required reheat temperature the 
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COAL CRUSHER, SIZER, 
SCAVENGER—all in one! 


3 biz coal preparation jobs are all done well by these great 
Pennsylvania Bradfords — depended upon for 50 years at 
mines, power plants and by-product coke plants the world 
over. Run-of-mine coal is fed into one end of the screened, 
revolving cylinder. Sized coal screens out. As cylinder re- 
volves, oversize is lifted on horizontal shelves, dropping, 
breaking to size and passing out the screen. Minimum of 
fines. Debris and tramp iron too large to pass screen is dis- 
charged at end. Low maintenance cost. Low power con- 
sumption. For extra hard coals a hammer 

rotor at discharge end crushes 


any not yet re- 


duced in journey. NV 
Pennsylvania Crusher Division BRAD ord ond 


Both Iron Works Corporation 


West Chester, Penna. grantor? 


PE 2934 


tilting burners had to be turned 20050 
y above the horizontal and this 
caused insufficient burning out of the 
fuel, leaving 35 40 per cent combust1 
bles in the fly ash. Despite multi 
evelone dust separators air pollution 
from coal and coke handling and 


cle 


chimney emission has been excessive 
Phe short operating experience (six 
months) does not yet permit an 
assessinent of the etlect ol the S and 
V content of the coke 


Atomic Power Stations (U.S.S.R.). 
G. V. Ermakov Te ploenergetika 
Oct SSO In Russia 

The ULS.S.R. does not expect a fuel 
hortave in the next tew decades, but 
the facet that 70 per cent ol its reserve 
of fuel and water power are in Siberia 
ind of the demand 1s in_ the 
European part of the country and the 
Urals, makes ateme power attractive 
in some place Descriptions and dia 
vrams are given of the power statiot 
that beinys constructed Phere 
isa $20 MW station with two water 
Vater reactor ind six 70 MW turly 


ilternators Drawings of a reactor 
ind steam  yvenerator ire hown 
Phere are also a full size station with a 
eraphite water reactor i pposed 
to the three ear old 5 MW station 
this type) and one with a hea water 
oderator heat) carries 


Smaller experimental power reactor 
of the following types are 
constructed \ water reactor 
with a maximum output of FO MW 
150 MW reactor with graphite modes 


itor and dium and pota 
ium heat carries 1 oO MW breedet 
reactor ind a homogeneous reactor 
vith a thermal output ol ) » MEW 
From / W5S, 23 (Kel 
4». 


Commissioning Calder Hall. Anon 
lect. Time G5S, 133 (Jan 

\bstract irc pre ented bu lecture 
H. G. Davi Work General 
Manaver, to the Institution of Chem 


cal Engineer Instead of 475 chat 
nels as calculated only 406 channel 
were required to reach eriticality. and 


ome of the remaining channels were 
tilled) with teel absorber rod 
minimize the effect of weakening the 
ux at the top of the reactor im control 
rads were left an ippreciable distance 
in the reactor during full power opera 
tion Phe tinal number of control 
Wil tNinstead of Fen Leal 
aut of CO could he reduced b 
ivhtening glands and other measure 

Beeause of ercoolin of the central 
channels it was impossible to reach 
the design temperature of  ¢ 
of the cartridge but b working 
the blower at a higher speed it Wa 
po ible to obtam eventu ill 4 WlaNt 
mum cartridge surface temperature ol 
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1S heat 


and electrical output ob over 


yeneration ol NEW 
12 MW 


The Calder Hall Graphite Structure. 
IE. Long Vucl. Pu 1958, 3 (Feb 


\n illustrated description pre 


ented of the graphite structure and 


the reasons for adopting the various 


features are discussed, such as | 
) 


Selection 
effect of Wigner growth 


ectlions 
alterna 
tive structure 1) coolant 


channels through vertical axis ) 


high density graphite 4) prevention 
of neutron 
ot side 


bottom is cul 10 


trealins 


restraint S) grid support at 
spider 
upport for fuel elements 


Instruments and Controls 


Automatic Boiler Control. Its Ad- 
vantages and Disadvantages. | \\ 


Malbon Re 1958, 162 (Feb 
Phe various types of control are 
cht scribed ind discu ed It pointed 


out that if the air flow is not adjusted 
to variations in the C. V. of the fuel 
and the state of fouling of the 
combustion may be 


bottler 
faulty and = not 
proportional to the variation im steam 


flow or pressure 


Control of the Optimum Excess Air 
in Furnaces. W. Germer. BIVA 
1958, 10 (Jan.), 10-1 (In German.) 
with 
point is described which automatically 


An instrument center zero 


performs the calculation of imstan 
minus minimum gas 
divided by 


a movement of the pomter 


taneous 


volume steam volume 


venerated 


to the left or right indicates insuth 
cient or excessive excess air respec 
tivel\ It is shown that the optimum 


value of excess air (zero 1 


practically independent of boiler load 


Television Equipment for Monitoring 
Large Boilers and Industrial Furnaces. 
C. A. Maltusch and G. Thies. /:.7.Z 
A 1957, 78 (Nov. II SO4-S In 

\ new camera deseribed 1s equipped 
with a probe SOO mim long which can 
easily be inserted in contined spaces 


in the boiler setting Phe stop 4 


mounted in front of the len stem 
instead of within it, this not only re 
ducing irradiation of the lens but 


also enabling infra-red filters to be in 


corporated Phe umt is foree- cooled 
with water Details are given ol 
design and operating result 

From €.4.G.B. Digest 10 
Feb. 15), 301 


SOLUTION OF HYDRAZINE 


Oxygen- 
eS ‘avenger 
e for 


e Boiler Water 


e Treatment 


CHEMICAL CO... INC 
136 Liberty St., New York 6,N. Y. 


Midwestern Representative 
J. H. DeLamar & Son, Inc 
4529 No. Kedzie Avenue 
Chicaeo 25, Ill 


Ask for pamphlet BW-7 


BALLARD, SPRAGUE 
& THOMAS, Ine. 


ENGINEERS and 
CONTRACTORS 
Specialists in 
REFRACTORY 
CONSTRUCTION, 
REPAIRS, and 
PREVENTIVE 
VAINPENANCE 
for INDUSTRIAL and 
CHEMICAL PLANTS 
and PUBLIC UTILITIES 


BOILER SETTINGS, BAFFLES 
FURNACES, INCINERATORS 
AILNS, REACTORS, ACID WORK 


. 
25 beast Street 


VMIERRAY 


New York, N.Y 
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ONLY 


ENCO 


BAFFLES 


give you all these 


COST CUTTING 
FEATURES 


SS 


SS» 


These important fuel-saving main- 

tenance-reducing features are ob- 

tainable with Enco boiler batiles— 

and only with Enco baffles. 

+ Streamlined gas flow 

+ Uniform gas flow 

+ Elimination of bottlenecks 

+ Reduced draft losses 

+ Higher heat transfer 

+ Cleaner heating surfaces 

+ Less use of soot blower 

+ Special provision for expansion 

+ Easy tube replacement 

+ Adaptable to any water-tube 
boiler, fired by any fuel 


Each application is designed on the 
basis of more than a quarter cen- 
tury of experience in this special- 
ized branch of power engineering 
Installations are made by skilled 
mechanics. 


THE ENGINEER CO. 
75 WEST STREET, NEW YORK 6, N.Y. 


In Canada: Rock Utilities Lid., 80 Jean Talon $1. W., 


Montreal, P. Q. 
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THE BAYER CO. 


MANUFACTURERS OF BAYER SOOT BLOWERS 
For Highest First and Final Value 


... BUY BAYER! 


BAYER 


Balanced Valve 


SOOT CLEANER 


Baver’ nyle-chain design compels perfect in-step operation of valve and 


( ent. Operation is positive, definite, assuring a tull flow of steam tf 
clea? 
When the operator pulls chain, the cam actuated, quick action balanes 
opened By continued pul ing of the chain, worm drive lowly 
tutes element over cleaning are. When element reache end of cleaning 
irc, Valve automatically Close 
VNiinimun team OW mamtenance. very detall 1s 
ered, built for tong fe, efhicient performance at high remperature al 
hah pre ure 
More tha (O00 boilers are Baver equipped More than 45 vear 
fu pec ced experience assure vou nvestment economies 


Bayer equipment 


QUALIFIED LOCAL ENGINEERING SERVICE—Your Bayer representa- 
tive is an experienced engineer, well qualified to take care of any service 
needs in connection with Bayer Soot Cleaners. He is available when you 
call upon him and will gladly render any service required. 
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All These Mechanical and 
Operating Advantages 
are available in 


The BAYER 
Balanced Valve 
SOOT CLEANER 


1. Sound engineering, 
workmanship, and 
materials of the best. 

2. An organization of 
over 45 years’ ex- 
perience, capable 
and willing to render 
service at all times. 


SINGLE CHAIN: Valve and element con- 
trolled by a single chain. 


VALVE BODY: Rugged construction, built 
to last. Short and ample steam passage 
giving very small pressure drop. 


ORIFICE PLATE VALVE: For high pressure 
service, each head may be controlled by an 
orifice plate valve through which pressure 
is adjusted for each individual element. 


STUFFING BOX: Due to maintenance of 
perfect alignment on swivel tube, packing 
needs little attention. Stuffing box is in full 
view, readily accessible. 


AIR SEAL: Has machined surface on wall 
sleeve and spring-held floating seal to pre- 
vent air in-leakage. 


HEAD BEARINGS: There are two main 
bearings, an outboard and an inboard bear- 
ing for the swivel tube to maintain align- 
ment. 


THRUST BEARING: Ring type thrust bear- 
ing takes the load. 


VACUUM BREAKERS: Twe vacuum 
breaker air valves, or one valve and a 
signal whistle above each valve, to prevent 
suction of boiler gases into valve and 
piping. 


ELEMENT OPERATION: With the Bayer 
element operation, balanced valve is 
opened just as element rotates, giving 
FULL pressure over entire cleaning arc. 
Full steam pressure insures thorough clean- 
ing. Balanced valve saves wear of valve 
parts. With any type of poppet valve, this 
is important ask any operator. 


BLOWING ARC: Valve cams automati- 
cally regulate cleaning arc. 


REDUCTION GEARS: 24 to 1 gear ratio 
gives slow rotation for good cleaning. 


FLANGED PIPE CONNECTION: Operating 
head is cunected to supply pipe by flanges 
and through bolts, or high tensile studs and 
nuts. 


THE BAYER CO. 


St. Louis, Mo. 
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Featuring Walworth Pressure-Seal Valves 


Here are cast steel valves built for high-pressure, high 
temperature service. The unique bonnet-to-body design 
utilizes internal line pressure for a tight, leakproof con 
nection. The higher the pressure the tighter the bonnet 
joint! Bulky, heavy bonnet flanges, 
nuts are completely climinated providing a moder 
valve design of truly streamlined proportions. Mainte 
nance is simplified as Walworth Pressure-Seal Valves 
are easily assembled, disassembled, and insulated. 
Walworth Pressure-Seal Valves are available in 600 
900, 1500 and 2500 Lb ratings, ASA B16.5 — 1957, and 
in a wide range of sizes and types. Comp! te informa 
tion is available from your nearby Walworth Distributor 
— or — write Walworth for a free copy of Circular 16 


bonnet studs, and 


WALWORTH SMALL CAST STEEL Y-GLOBE 
VALVES. Simplified design eliminates many 
of the problems encountered in high-tem- 
perature, high-pressure service. No bonnet 
joint. Improved back-seat design means 
longer life for packing rings. 


WALWORTH LUBRICATED PLUG VALUES. Easy 
turning— quick operating. Lubricant can be 
renewed while the valve is in service, Lubri- 
cant completely surrounds the plug ports 
for a tight seal against leaks. Remember, 
always use Walworth Lubricant in Walworth 
Lubricated Plug Valves. 


WALWORTH BRONZE VALVES. Standardized 
lines of bronze valves provide an unsur- 
passed system of interchangeability of 
parts, drastically reducing inventory prob- 
lems. Walseal Valves with brazing ends also 
available in a variety of types. 


ORTH SUBSIDIARIES: STEEL PRODUCTS CO 


M&H VALVE F Co. THYWEST FABRICATING & 
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WALWORTH IRON BODY GATE VALVES. 
Straight-flow port design reduces fluid turbu- 
lence to a practical minimum. Seat rings of 
end-seated type are screwed into the body. 
Brass liner on glands assures greater resis- 
tance to corrosion and scoring. Available 
with threaded or flanged ends. 


WALWORTH CAST STEEL GATE VALVES. Bolted 
bonnet, OS&Y. Bonnets and 


bodies are engineered to withstand pressure 


wedge gate, 
and minimize distortion, Heavy steel walls 
provide extra strength and longer life. Deep 
stuffing boxes in all sizes (2 to 24’) insure 
tightness and maximum packing life. Also 
available in globe and angle types. 


WALWO EX 


750 T 


RK 17,N. 


DISTRIBUTORS IN PRINCIPAL pal THROUGHOUT THE WORLD 


CON RPORA Noe E VA AND ATOR CO 


ih 
| COMPLETE LINES OF WALWORTH 

POWER PLANT SERVICE 

| and including these valves for ‘' ’round-the-plant’”’ use! if 


¢ 
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... ANSWERING YOUR QUESTIONS ABOUT 


A pextor Number I for boilers 


HOW MUCH CLEANING IS NECESSARY 

BEFORE APEXIOR-COATING? 
\surtace no cleaner than good operating 
practice demands is all the toundation 
needed tor Apexioi Number 1 the 
coating that ever after holds steel at 


newly cleaned ethciency 


HOW DOES THE DAMPNEY 
TEST KIT SERVE? 
By saving man-hours that might be ex 
pended needlessly. A quick, three-step 
check tells when cleaning has delivered 
ist-right surtaces, prepared neither less 


nor more than 


DOES THE APEXIOR-COATED BOILER 
STAY CLEAN IN SERVICE? 


Because Ape NIOT discourages deposit 
formation and bonding, the coated boile 
needs less cleaning, less often Inspec tion 
Is @Casier, too tor a sound Apexioi 
surtace reveals itself readily, assuring 


equally sound steel 24> mils beneath 


DOES CHEMICAL CLEANING 

AFFECT APEXIOR? 
In no way. Rather, Apexior takes on the 
wided tunction of preventing acid-metal 
contact and the resultant attack, how 
ever slight, that might occur. “Vhose en 
gaged chemical cleaning report that 
\pexior speeds the process by keeping 


deposits tew and less tenacious. 


WHEN SHOULD A BOILER 
BE APEXIOR-COATED? 


seal water-contact: surtaces perma 


nently at highest efhciency and take them 


sately through the initial shake-down 
period, a new boiler should be Apexior- 
coated immediately after erection ; an op- 


erated boiler, immediately atter ‘leaning. 


1S APEXIOR BOILER COATING DIFFICULT? 
Not at all. Apexior is brush applied — by 


hand to drums and flat areas; by air- 
driven tube turbine brush-equipped, to 
tube interiors. Application is regularly 
made by plant crews with or without 


nitial Dampney supervision. 


HOW LONG DOES APEXIOR LAST? 


\ conservative estimate: Five years be- 
tore retouching or renewal. Under ideal 
onditions: ‘Ten to twelve . . . for 
\pexior’s primary function is preventive 
Maintenance its lite, directly propor 
tional to the work it has to do in sup 


plementing good boiler practice. 


This message one of series presents 
sore reasons why Lpextor Number 1, first 
used anside boilers in 1906, 1s today manufac 
tured in the United States and four foreign 
ountries to meet world-acide demand for pro 
flection of 

© hotler tubes and drums 

* evaporators 

deacrating and feedwater heaters 


* steam turbines 


MAINTENANCE FOR METAL 


AMPNEY 


HYDE PARK, BOSTON 36, MASSACHUSETTS 
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NO PIPE DREAM HERE 


It's a power engineer's nightmare instead. Each of the 
pipe specimens shown here had to be replaced. The 
cost of the particular nipple or elbow was minor. 
However, the cost of down time and replacement was 
expensive, indeed. And the cause in every case was 


either inadequate or incorrect water treatment. 


A Consulting Service for You. Whatever your water 
problems...analysis, testing or treatment procedures 


for boiler water, condensate, cooling towers, process 


...the leader in water conditioning 
and corrosion control since 1887 


Manufacturing plants in CHICAGO e LINDEN e LOS ANGELES e TORONTO ¢ HONOL | 
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waters... Dearborn has the engineers, the experience 
and the laboratory facilities to assist you in develop- 
ing the program exactly suited to your needs. Your 
Dearborn Engineer will outline the many advantages 


a Dearborn Consulting Service Program will give you. 


WHY NOT CALL HIM IN...MEANWHILE, 
MAIL THE COUPON FOR YOUR COPY OF THE 
DEARBORN CONSULTING SERVICE BOOKLET 


Dearborn Chemical Company 
Dept. COM-W'T, Merchandise Mart Plaza, Chicago 54, Il 


Send booklet on Dearborn Consulting Service 


Name 
Lith 
ampany 


| 

| 

| Have a Dearborn Fogineer call. 
| 

| 

| 

| 

| 

| 
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Drum head, piping flanges, ells, valves, insulated with Stic-Tite and 
then troweled to a smooth, white, hard finish with Super Finish Stic-Tite 


ONE COAT DOES IT! 


(NO ROUGHING COAT NEEDED) 


HARD, SMOOTH, WHITE FINISH INSULATION 
SUPER FINISH 


INSULATING CEMENT 


@ EFFICIENT UP TO 1700 F. 
@ RESISTS MOISTURE AND STEAM 
@ NO SHRINKING, CRACKING OR PEELING 


@ STICKS STRONGLY TO OVERHEAD, 
CURVED AND VERTICAL SURFACES 


@ DOUBLE THE COVERAGE OF ASBESTOS CEMENT 
@ EFFICIENT INSULATION 


ONE-COAT FINISH INSULATION FOR 


* BOILERS * TANKS * HEATERS © FANS 
* DUCTS * HOT WALLS * UPTAKES 
* BREECHINGS © PIPING © FITTINGS 


Try Super Finish Stic-Tite at our expense. 
Write on your letterhead for a 25-lb. bag. 


REFRACTORY & INSULATION CORP. 


_ REFRACTORY BONDING AND CASTABLE CEMENTS 
INSULATING BLOCK, BLANKETS AND CEMENTS 


124 Wall Street « New York 5, N. Y. 
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A PROOF T FEEDER has brake 
Pennsylvania Crusher iv., ‘ lelivers exact, shallow 
Bath Iron Works Corp.. 6 j s 
Pittsburgh Piping & Equip- away," insuring high accuracy. Feeder 
ment Company , available with endless belt 
Powell Valves 
Prat-Daniel Corporation...... 
Henry Pratt Company........ 


stream of oal for uniform break 


Conforms to U. S. Weights and Measures H-44 for your protection 


Refractory & Insulation Cor- 
poration 


Reliance Gauge Column Com- as 
pany, The H 39 


Republic Flow Meters Com- 
pany 14and 15 AUTOMATIC COAL SCALE 
——— Steel Corporation. snd 17 Built for worry-free performance—year after year! 


Richardson Scale Company... 71 
Rohm & Haas Company...... 


At coal-fired installations the world over, dependable Richardson 
Automatic Coal Scales are a standard method of checking boiler 
efficiency and fuel economy. 
The H-39 is available in two sizes: a 200-pound model, with hourly 
capacity of 20 tons, and a 500-pound model, with an hourly capacity 
of 40 tons. 
Consider these advantages: 
W. A. Taylor and Company... ® COAL CAN’T “ARCH” in feeder or weighing hopper. All Richardson 
H-39 models have extra-large (24"x24") inlets for free move 
ucts Div 
ment under all conditions. 
NO DUST PROBLEMS — al! parts positively dust-sealed. All elec 
trical equipment is totally enclosed, mounted outside dustproof 


Stock Equipment Company... 
Sy-Co Corporation... 


Walworth Company = 
Western Precipitation Cor- housing. 

poration ... Fourth Cover MINIMIZED CONDENSATION PROBLEM — exhaust vents at each 
Westinghouse Electric Cor- end. for natural or forced air circulation 

poration .. ' 


Westinghouse yar Ficus EASY ACCESS through doors mounted in removable plates 
poration, Sturtevant Div. RUGGED, DURABLE CONSTRUCTION means Jasting accuracy. Extra 


C. H. Wheeler Mfg. C sere eo 61 heavy steel frames, corrosion-resistant stainless plating. 
ompa . 
Worthington Corporation..... 19 For detailed information, write for Bulletin 0352-A. 


Yarnall-Waring Company......Z 
Yuba Consolidated Industries, 
Yuba Heat Transfer Div...... 


MATERIALS | MATERIALS HANDLING BY WEIGHT SINCE 1902 | BY WEIGHT SINCE | MATERIALS HANDLING BY WEIGHT SINCE 1902 | 


RICHARDSON SCALE COMPANY « CLIFTON, NEW JERSEY 


Sales and Service Branches in Principal Cities 


Also manufactured in Europe to U.S. standards 


COMBUSTION July 1958 
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For induced draft... 


LOOK what clareee’s new 


Type DN Dynacurve Fan offers you 


LOW cost. 

LOW tip speed. 

LOW moment of inertia (WR). 
HIGH cfficiency. 

HIGH dynamic conversion. 


HIGH standards of construction. 


Write today for Catalog 905. Clarage Fan Co., Kalamazoo, Mich. 


C L A R a G E ...-dependable equipment for 


making air your servant 


SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES @ IN CANADA: Canada Fans, Ltd., 4285 Richelieu St., Montreal 
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MORE THAN 


DIAMOND 
M ULTI-PORT 
GAUGES 


MODEL MP-3000 SHOWN In use and on order 
For boiler pressures to 3000 psig for over 
For both new and old boilers Pn 
Central Station 
Generating Plants 


SMALL ROUND PORTS INSTEAD OF LONG 
GLASS AND MICA STRIPS 


4 GAUGE NEVER REMOVED FROM BOILER FOR GASKET 
CHANGES OR OTHER NORMAL MAINTENANCE 


STEAM SHOWS RED 
Also available 
WATER SHOWS GREEN is Model MP-900 


for boiler pressures 
to 900 psig 


ONLY ABOUT 15 MINUTES 


EACH PORT THERMALLY INDEPENDENT 


Because the Diamond Multi-Port solves the Advantages of the Multi-Port are many. 
problems inherent in water level gauges on In addition to those shown above, it has 
boilers operating at high temperatures and maximum thermal stability for rapid start- 
pressures, it has had rapid and wide accept- ing... ‘Hi-Lite’’ illuminator for improved 
ance. In addition to the 2000 for central readability . . . welded construction for per- 
station generating plants, more than 185 manent tightness ...end stems can be 
have been sold to industrial power plants. furnished instead of flanges... startling 
reductions in maintenance costs. 
Write for Bulletin 1174 (Model MP-3000) 


or Bulletin 2044 (Model MP-900) for more 
De information. 


DIAMOND POWER SPECIALTY coRP. 


LANCASTER, OHIO . DIAMOND SPECIALTY LIMITED — Windsor, Ontario 
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For The Second Consecutive Year... 


eee 


Nation’s “Top Six” 
Steam Power Plants, 
Fly Ash Control 
Is by 

estern Precipitation! 


j 

i. As power plant executives know, each year the Federal Power 
Commission “rates” the nation’s major steam power plants to deter- 
'< mine their overall efficiency as determined by their heat rate. 


According to the latest Federal Power Report, the “Top Six” steam 


power plants are...1. Tanners Creek Plant (Indiana and Michigan 


Flectric)...2. Kanawha River Plant (Appalachian Electric Power) 
...3. Atwo-way tie between Muskingum River Plant (Ohio Power) and 
Kyvger Creek Plant (Ohio Valley Electric)...and 5. A two-way tie 
between Clifty Creek Plant (Indiana-Kentucky Electric) and St. Clair 
Plant (Detroit Edison) 


Obviously, to qualify among the nation’s best, these plants represent not 


Mm only advanced engineering design but also the most painstaking evalua 


tion and selection of equipment. And weat Western Precipitation take 


particular pride in the fact that—for the second straight year—the 
equipment selected for fly ash control in EVERY ONE of the top 


sir plants is Western Precipitation equipme nt! 


Could there be any greater testimony to the outstanding quality and 
unsurpassed efficiency of Western Precipitation fly ash control equipment? 


WESTERN 


CORPORATION 


i Ma 


LOS ANGELES 54 + NEW YORK 17 + CHICAGO 2 + PITTSBURGH 22 + ATLANTA 5 + SAN FRANCISCO 4 


Representatives in al/ principal cities 


Precipitation Company of Canada Ltd., Dominion Square Bidg., Montreal 
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